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Design of REINFORCED CONCRETE 


by Boris W. Boguslavsky 


Here is a presentation of the fundamentals of structural theory 
as they apply to the analysis and design of reinforced concrete 
members. The book provides the student with design pro- 
cedures and techniques commonly employed in structural 
engineering offices. 


NOTE THESE FEATURES 


e@ formulas for designing slabs and beams which auto- 
matically include their own weight 


@ empirical formulas for estimating the size and weight of 
the footings 
formulas for estimating the cross sectional dimensions 
of prestressed concrete beams 
a direct—and short—method of designing eccentrically 
loaded cracked columns 


a detailed presentation of the method of two-cycle 
moment distribution 


FREQUENCY RESPONSE 


by Rufus Oldenburger 


Here is a complete treatment of frequency response, starting 
with fundamentals for the beginner and proceeding to the 
most advanced aspects of the subject. Divided into nine parts, 
the book gives a complete picture of what frequency response 
is, how it can be used, and why industry has used it to such a 
great extent. It shows how frequency response is used to 
obtain and check the differential equations of physical systems 
such as airplanes and power systems, how to design good 
controls with frequency response, and how to diagnose troubles 
in existing equipment by frequency response. 

Ready in September 


Ready in November 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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LEADING TEXTS 


Route Surveying 
Cart F. MEYER 


This is a truly modern route-surveying text embody- 
ing a clear presentation of general principles and their 
practical applications. Outstanding features include: 
traverse method of solving problems on compound and 
special curves ; simplified application of the chord-gradient 
method of calculating odd-length vertical curves ; practical 
treatment of the spiral, free of undue mathematical com- 
plexity; detailed analysis of curve problems in highway 
design ; 300 pages of tables in a form especially useful in 
route-surveying calculations. 


1949 595 Pages $5.25 


Soil Engineering 


MERLIN G. SPANGLER 


This book was designed specifically to be used as a 
textbook for soils courses offered at the undergraduate 
level. It is written in a simple, straightforward style with 
emphasis on the fact that soil is an engineering material 
and needs to be studied and handled in the engineering 
manner. The origin, nature, and properties of soils are 
treated thoroughly, together with applications of the prin- 
ciples of mechanics to problems in design and construction 
involving the soil. 


1951 458 Pages $5.75 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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FOR YOUR GRADUATES 


As a leading manufacturer in four great basic industries, a 
builder of scores of types of equipment, a seller of more than 
1600 products—Allis-Chalmers offers training unmatched in 
scope ... Opportunities in over 90 different training locations. 


LLIS-CHALMERS offers gradu- 
ates a chance to explore their 
own aptitudes and inclinations... 
discover by doing, the work they 
like best. 


They can study any one of many 
diverse types of equipment includ- 
ing: power generation, distribution 
and utilization apparatus... min- 
ing or cement-making machinery 
. . . food or chemical processing 
equipment .. . atomic energy... 
and general manufacturing. They 


Trainees get classroom, shop and 
field experience . . . have close per- 
sonal contact with top-flight, na- 
tionally recognized experts in their 
proposed line of work. 


can specialize in design, produc- 
tion, sales, research, installation or 
service. 


For details on the Allis-Chalmers 
graduate training course, talk with 
the A-C representative who will be 
visiting your campus. . . contact 
the nearest A-C District Sales Of- 
fice .. . or write, Graduate Train- 
ing Section, Allis-Chalmers, Mil- 
waukee 1, Wisconsin. 


QUICK FACTS 


1. THE COURSE: Established in 1904, 
it's recognized today as one of the most 
comprehensive, most workable pro- 
grams of its kind. 


2. ITS OPERATION: Covers a maxi- 
mum of 24 months. Counselors help 
trainees plan their courses; are always 
available for personal guidance. 


3. ITS OPTIONS: Trainee selects own 
course. If his interests change, he can 
alter his course. 


4. ITS OBJECTIVES: The program is 
designed to put the right man in the 
right job, to develop men of manage- 
ment potential. Many members of to- 
day’s management are graduates. 


ALLI CHALMERS -5679 
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At Boeing 


one of each 


seven employees 


ison engineer! 


Fifteen years ago at Boeing one of 
each 16 employees was an engineer. 
Today the figure is one in seven! Noth- 
ing could better exemplify to the engi- 
neering student seeking placement 
counsel the career opportunities with 
this 38-year-old company. 

Boeing Airplane Company is con- 
stantly seeking engineers of ability—in 
Research, Design and Production. At 
Boeing a great challenge lies ahead for 
the young engineer in such diverse 
programs as: 


The B-52 and B-47 multi-jet bombers. 
The “707,” America’s first jet transport. 
Research in nuclear powered and 
supersonic flight. 

One of the nation’s major guided mis- 


sile programs, the IM-99 Bomarc pilot- 
less aircraft. 


JOHN C. SANDERS, Staff Engineer—Personnel \ 
Boeing Airplane Company, Seattle 14, Wash. 


BOEING 


Beyond these? Boeing engineers are 
continually projecting 10, 15, even 20 
years into the future. 


Opportunities in practically all 
fields of study are available to your stu- 
dents. Our engineers hold degrees in 
electrical, civil, mechanical, aeronau- 
tical and related engineering fields 
Also included are many physicists 
and mathematicians with advanced 
degrees. 


Daytime graduate study while work 
ing is encouraged. Reimbursement is 
made for all tuition expense. The com 
pany promotes from within and holds 
regular merit reviews to assure individ 
ual recognition. 

If you or any students would like 
additional information about engineer 
ing careers at Boeing, write: 


YOU 1 
~YOU 
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with the New, LOW COST 


Crow Basic Electronic 
Kit... Model 50-A 


YOU TEACH BY VISUAL EXPERIMENT 
~YOUR STUDENTS LEARN BY DOING 


@ Here's another important “first” from 
Crow Electri-Craft—electronics by visual 
experiment! This unique new kit is designed 
for students who have completed the Be- 
ginners’ Electricity course with Crow Electri- 
Kit Model 41-B or equivalent training. It 
permits them to advance immediately into 
the study of electronics. They learn by 
doing; that is, they verify electronic prin- 
ciples by building their own operating as- 
semblies . . . the most fascinating and ef- 
fective instruction method ever devised. 


Model 50-A contains 82 precision-made 
components—everything needed to per- 
form 60 experiments in electronic funda- 
mentals. A 275-page, illustrated manual in 
worksheet form is also included. It guides 
students step-by-step ... shows what parts 
are needed for each assembly, how to set 
it up, and how the theory involved is put 
to practical use. 


This Basic Kit provides a solid foundation 
for further training in specialized electronic 
fields—Radio Transmitting and Receiv- 
ing, Industrial Electronic Circuitry, or 
Basic Radar and Television Circuitry. All 
of these principles are covered in the Crow 
Electronic Tubes, Circuits and Devices Kit 
(Model 53) available soon. 


60 Operating Assemblies 


Capacitors Voltage Dividers Vibrators 
Frequency Discriminators ¢ Filters 
Frequency Multipliers Resonant Circuits 


Rectifiers ¢ Fly-back Voltage Supply Principles 


82 parts including precision meter (61%), 
precision resistors, coils, potentiometer, recti- 
fiers, capacitor bank, etc., plus 275-page 
manual. Ail parts mounted for use with 
“Kwik-Klip” solderless connectors. Supplied 
in sturdy corrugated case........ $87.50 


Herdwood Carrying Case 


For Model 50-A. Has pegboard top and slip — 
hinges. Can be used as baseboard for ex- 


Crow Basic Electronics Kit Model 50-8 
For those who already own Model 41-8 
Electri-Kit. Some as Model 50-A {above} 
with all 41-B components omitted. .$57.30 


Write for bulletin describing CROW 
Basic Electronics Kit Model 50-A. 


BUILD YOUR ELECTRICAL AND ELECTRONIC 
COURSES AROUND CROW EQUIPMENT 


Division of Universal 
ientific Co., Inc. 
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New! 


R-F Bridge 


400 Kc to 60 Mc 


The Type 1606-A Radio-Fre- 
quency Bridge is a new, improved 
model of the popular Type 916-A 
R-F Bridge which has served the 
communications field for well over 
a decade. 


This G-R instrument reads both 
resistive and reactive components 
of impedance directly on separate 
dials. All variable elements are pre- 
cision capacitors making possible 
highest accuracies in measurements, 
particularly at the upper radio fre- 
quencies. For direct impedance 
measurements of antennas, trans- 
mission lines, circuit elements and 
other low impedances, this versa- 
tile r-f tool is invaluable. With an 
external parallel capacitor, tuned 
circuits and other high impedances 
also can be measured. 

The new General Radio R-F 
Bridge has greater sensitivity, uses 
new variable capacitors whose ro- 
tors and stators are milled from 
solid blocks of aluminum for mini- 
mum loss, is less than one-half the 
volume of its predecessor and con- 
tains only one bridge transformer 
for coverage of the whole frequency 
range. Dial locks are provided to 
prevent accidental movement of the 
initial balance control, and a sim- 
plified system of connection to the 
unknown is made available. 

Those who have worked with the 
first G-R Radio-Frequency Bridge 
will find the new model an even 
more convenient and useful instru- 
ment. New materials, techniques 
and operating improvements, 
many suggested by customers, 
make this the finest R-F Imped- 
ance Bridge yet made available. 
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INPUT RESISTANCE 
(2x) OHMS MEASURED POINTS 
ATED CURVE 
AAS 
Transmission Line 
Measurements 
The General Radio R-F Bridge is an 
invaluable communications-engineer- 2 TI 
ing tool. Indicated at right are input 
resistance and reactance of a trans- Bo 800 
mission line with characteristics and wk 
termination indicated. Solid lines are 
obtained from detailed computations ; 
circles from measurements with the 7 
new Type 1606-A R-F Bridge. 
FREQUENCY Mc 


Type 1606-P1 Luggage-type Carrying Case . . . facilitates 
transportation and insures safe storage........ 
Frequency Range: 400 kc to 60 Mc 
Resistance Range: 0 to 1000 ohms 
Reactance Range: + 5000 ohms direct reading at 1 Mc—range varies inversely 
as frequency 
Basic Accuracy: + (1% + 0.1 ohm) for Resistance and +(2% ++ 1 ohm) for 
Reactance; slightly less accurate at higher frequencies — high- 
frequency corrections provided 
Accessories Supplied: Coaxial cables for connecting generator and detector, 
two leads of different lengths for connecting unknown impedance 
to bridge, Type 874-PB58 Panel Connector 
Dimensions: 12% x 9% x 10% inches Net Weight: 23 Ibs (29 Ibs with 
carrying case) 


GENERAL RADIO Company 1915-1955 


275 Massachusetts Avenue, Cambridge 39, Massochusetts, U. S. A. 40 Years of Pioneering 
Michigan 
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Testing round waveguides at Bell Telephone Lab- 
oratories, Holmdel, New Jersey. Unlike coaxial 
cable, waveguides have no central conductor. 
Theoretically, voice-capacity is much greater than 
in coaxial cable. 


Hundreds of thousands of telephone conversations or 
hundreds of television programs may one day travel to- 
gether from city to city through round waveguides—hollow 
pipes—pioneered at Bell Telephone Laboratories. 


Round waveguides offer tremendous possibilities in the 
endless search for new ways to send many voices great 
distances, simultaneously, and at low cost. Today, Bell 
Laboratories developments such as radio relay, coaxial 
cable and multivoice wire circuits are ample for America’s 
needs. But tomorrow’s demands may well call for the 
even greater capacity of round waveguides. 


Unlike wires or coaxial, these pipes have the unique 
property of diminishing power losses as frequencies rise. 
Higher frequencies can be used, making room for many 
more voices and television programs. 

These studies illustrate once more how Bell Labora- 
tories scientists make sure that America’s telephone service 
will always meet America’s needs. 


New type of waveguide pipe formed of 
tightly wound insulated wire trans- 
mits better around corners than 
solid-wall pipes. 


New type waveguide is bent on 
wooden forms for study of effect 
of curvature on transmission. The 


Improving America’s telephone service provides careers waveguide itself is here covered 


for creative men in scientific and technical fields. 


with a protective coating. 
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MCGRAW-HILL Zooks 


READY FOR FALL CLASSES 


ELECTRONIC AND RADIO ENGINEERING. 
New Fourth Edition 
By FREDERICK E. TERMAN, Stanford University. McGraw-Hill 


Electrical and Electronic Engineering Series. wa this 
udies in 
The new revised edition of a highly successful textbook includes micht well ] 
the tremendous advances in the radio industry. Particular em- loin ofl extn 
phasis is placed on developments in fundamental principles and after all th 


basic techniques underlying all radio. All phases of radio com- 


munication are covered from the viewpoint of the engineer in- humanistic~ 
terested in qualitative descriptions of radio phenomena, and in elsewhere b 
making quantitative analyses for facilitating design and research. education. 


this subject 


PRINCIPLES OF METAL CASTING prin ree 


By RICHARD W. HEINE and PHILIP C. ROSENTHAL, University of college and 
Wisconsin; in cooperation with the Textbook Committee of the Edu- college, how 
cation Division, American Foundrymen’s Society. of the hum 
A textbook for teaching metal casting in engineering colleges and riculum, an 
departments. It is a thorough treatment of the subject, and ready-made 
can be used either for the general foundry processes survey course Generally 
or the more detailed technical course in basic foundry metallurgy. by which th 
No processes other than metal casting are considered. Sample be related t 
problems and calculations, tables, graphs, line diagrams, photo- ies. One w 
graphs, etc., are used to illustrate the principles. | lationship ; 
tionship. / 


INTRODUCTION TO CHEMICAL ENGINEERING articulation 


By WALTER L. BADGER, Consulting Engineer; and JuLius T. the pattern 


BANCHERO, University of Michigan. McGraw-Hill Chemical and law, a 
Engineering Series. program ca. 
for profess 
Here is an outstanding text presenting a discussion of the unit ments in fa 
operations of chemical engineering, covering both theory and 4 have heard 
practice, and complete with 418 excellent illustrations of equip- ‘stud ‘asian 
ment, showing actual detailed construction. The theory is de- : student can 
veloped from the simplest considerations, but in a rigorous completely 
manner. An earnest attempt has been made to classify the quences of 
various types of equipment used in the chemical industries and, training ar 
so far as possible, to coordinate theory with design. each is con 
capsule, 
Send for copies on approval "cause, in th 


McGRAW-HILL BOOK COMPANY, INC. eet 


330 West 42nd Street - New York 36, N. Y. Institute of 
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To this title, “The Humanistic-Social 
Studies in the Engineering Curricula,” 
might well be added the prefix, “the prob- 
lems of establishing and maintaining,” for 
after all the definition and values of the 
humanistic-social stem have been stated 
elsewhere by many leaders in engineering 
education. I shall undertake to discuss 
this subject from four points of view: 
integration versus articulation, problems 
peculiar to the independent engineering 
college and to the university engineering 
college, how to find the time for inclusion 
of the humanities in a professional cur- 
riculum, and, finally, tailor-made versus 
ready-made humanistic-social programs. 

Generally speaking, there are two ways 
by which the humanistic-social studies can 
be related to scientific-technological stud- 
ies. One way provides an articulated re- 
lationship; the other, an integrated rela- 
tionship. An example of the method of 
articulation is a plan whereby, following 
the pattern of preparation for medicine 
and law, a one- or two-year liberal arts 
_ program can be required as a prerequisite 
for professional education. The argu- 
ents in favor of this arrangement, so I 
have heard, are that the young college 
Student can catch more culture by being 
completely immersed in it, that the se- 
“quences of liberal arts and professional 
training are more meaningful because 
each is concentrated in a smaller time- 
‘capsule. I disagree with this theory be- 
| cause, in the first place, it places a road 


7 Presented at the semi-annual meeting of 
the Mid-Atlantic Section, ASEE, Polytechnic 
of Brooklyn, Dee. 4, 1954. 


The Humanistic-Social Studies in the 
Engineering Curricula* 


By DR. EDWIN S. BURDELL 
President of The Cooper Union 


block of subject matter between the eager 
high school student and his chief interest, 
science and its applications, causing him 
perhaps a life-long emotional distaste for 
having anything more to do with the 
humanities. Furthermore, it gives him 
the notion that, having “passed off” those 
requirements, he can forget the field and 
devote himself exclusively to technical 
specialization. I doubt that there will be 
much earry-over to the young engineer’s 
professional beginnings from this too 
early and too concentrated humanistic ex- 
posure. In fact, I am inclined to refer to 
articulation somewhat unkindly as a pre- 
heat treatment, which casehardens the 
embryo engineer against the very inter- 
ests, attitudes, and philosophies that the 
liberal studies aim to awaken and stimu- 
late. 

Another approach to articulation is by 
an arrangement whereby the junior year 
liberal arts student transfers to an inde- 
pendent engineering college for his fourth 
and fifth years. He usually receives a 
bachelor of arts degree and his engineer- 
ing degree at the same time. This is a 
plausible way of having your cake and 
eating it too—if it works! But it robs the 
liberal arts student of his senior year, the 
final crowning year of his undergraduate 
experience. It denies him the satisfac- 
tions of completion of his curricular and 
extracurricular program, and cuts off 
abruptly the associations built up on the 
campus, which in a small liberal arts col- 
lege are usually very warm and intimate. 
It pitchforks him on to another campus 
where he is a stranger and where in two 
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years he can scarcely hope to make a 
place for himself in the undergraduate 
scheme of things. This arrangement ex- 
ists between many liberal arts colleges 
and some of the leading engineering 
schools. It bears watching and for a cer- 
tain type of student to whom undergradu- 
ate life is relatively meaningless, of 
course, the loss of the values that I have 
just mentioned is no real loss at all. 

Now, turning to integration, I would 
like to point out that this method of in- 
troducing the humanistic-social studies 
offers continuity and flexibility. By this 
method a four-year vertical sequence of 
one three-hour-a-week course each semes- 
ter can amount almost to the equivalent 
of one full year of liberal studies in the 
engineering school. Pedagogically, an 
uninterrupted contact with the liberal 
studies during the pursuit of a science and 
engineering course does much to exem- 
plify the wholeness of knowledge and 
should go far to dispel the false notion 
of a dichotomy between general and tech- 
nical education. 
facilitates a correlation among the forces 
at work in society at a given time; for 
example, between the intellectual ferment 
and the social upheavals of the eighteenth 
century. It can provide understanding 
of the impact of the prevailing mores on 
the inquiring mind throughout the history 
of western civilization. Teachers of the 
physical sciences and social science teach- 
ers can join forces in bringing to life the 
relationship between science and society 
so that ihe student will be in a position 
to develop his own personal philosophy of 
life along with a real understanding of 
the goals and responsibilities of his chosen 
profession. 

Such integration provides for building 
one course upon its predecessor, offering 
more difficult and profound subject mat- 
ter in the upper years, thus avoiding 
superficiality and lack of depth. It may, 
under a scheme that we prefer at The 
Cooper Union, provide for matching the 
highly particularized professional engi- 
neering studies in the senior year with 


This arrangement also’ 


HUMANISTIC-SOCIAL STUDIES IN ENGINEERING CURRICULA 


generalized philosophical concepts, whil 
in the early years, the basic generaliy. 
tions of physics, chemistry, and math. 
ematics are matched by particulariz) 
disciplines of English composition, speech 
and so on. Finally, it provides to huma. 
ities teachers the opportunity to obtaiy 
the satisfaction of offering more advance 
material at higher standards than woul 
be possible if they had to confine their 
efforts and interests to the immatur 
first- and second-year students. 


Two Frames of Reference 


My second point for discussion is th 
problem of teaching the humanistic-socil 
studies within the two frames of referene 
—the independent engineering school ani 
the university engineering school. Th 
great advantage in the independent engi. 
neering school is that the humanistic-». 
cial faculty members are an integral part 
of the science and engineering faculty, 
They share the common objectives of e- 
gineering education with their colleague, 
Subject matter fields are apt to har 
fewer rivalries if all of the humanistic 
social studies are taught by men in: 
single humanities department. Commu: 
cation among the science, engineering, aul 
humanities teachers is apt to be good ail 


the humanities teachers themselves are api | 


to be more enthusiastic about their jos 
because they have an undivided loyal 
to a common objective. 


Now, of course, there are disadvantage) 
The smaller independent engineering «| 
leges may not be able to afford the dive} 
sity of teachers desirable for a broil) 


offering of subject matter. Hiring ¢ 
part-time teachers defeats the unity thi 
I mentioned above. Then there is! 
tendency to dispense with the “frills” a! 
set up courses with such misleading title 
as “Engineering English,” “Engineerilt 
Economics,” and so on. From the stat 
point of the ambitious specialist in t 
humanities and social sciences, there 
pears to be little or no opportunity i 
research and graduate teaching and t 
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job looks like a dead end with little or 
no job satisfaction or professional pres- 
tige. 

“The advantages to the humanistic-social 
stem in the university engineering college 
lie in the wealth of talent that the univer- 
sity offers. These cultural resources 
could be of tremendous value in enriching 
a sequence in the liberal arts and social 
sciences. However, the danger of not 
making the most of these riches is ex- 
ceeded only by the difficulty of achieving 
a satisfactory allocation of teachers and 
classes. For instance, liberal arts teachers 
assigned to teach engineering students are 
likely to be young graduate students pri- 
marily interested in pursuing advanced 
work in their own fields of specialization. 
They are not apt to be invited to par- 
ticipate in curricular planning; hence, 
they cannot share the enthusiasm or ap- 
preciate the objectives of engineering edu- 
eation. The dean of engineering with the 
best of intentions may allot, if his faculty 
permits, a certain number of credits in the 
humanistic-social stem in the hope that 
the engineering students, innocent of in- 
tellectual dietetics, will choose with dis- 
crimination from an educational smorgas- 
bord. Of course, there are exceptions; 
and one of the best situations I know of 
was that which existed at The Ohio State 
University while Miss Sada Harbarger, 
of the English Department of the Arts 
College, was teaching English and litera- 
ture tothe engineering students. Miss 
Harbarger, on her own initiative, did un- 
dertake to find out what the engineering 
faculty wanted to accomplish and went 
ahead and constructed and taught the 
courses, 

When engineering students do not have 
their own sections in the humanistic-social 
studies and are compelled to take those 
studies with liberal arts students, they 
find two significant difficulties. First of 
all, the liberal arts students presumably 
are going on for advanced work; hence 
neither the instructor nor the members of 
the class finds any common interest with 
the engineering student who is limited to 
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one or two courses in any humanistic sub- 
ject matter field. Secondly, elementary 
teaching in the liberal arts college of a 
large university is apt to be in large 
lecture and quiz sections affording little 
opportunity for discussion and individual 
attention, whereas the engineering student 
is accustomed to small classes and close 
association with his science and engineer- 
ing teachers. 

My third topic is how to find the time. 
It has been recommended that the human- 
istic-social stem should include history, 
economics, and government, wherein 
knowledge is essential to competence as 
a citizen, and literature, philosophy, psy- 
chology, and fine arts, to broaden the en- 
gineer’s intellectual outlook. This is a 
large order and we all know the curricular 
jug is full. Hence, my advice is to do a 
more efficient job of teaching of the sci- 
entific-technological studies, minimize the 
descriptive material and the repetitive 
drill, and encourage solving a few prob- 
lems on the basis of science principles 
rather than emphasizing a large number 
of problems. Perhaps an honest re-ap- 
praisal of the scientific-technological cur- 
ricula would lead to fewer courses in all 
and also fewer courses given simulta- 
neously. Engineering faculties will have 
to get accustomed to postponing more and 
more technology to the graduate years. 
Indeed they might well reduce specializa- 
tion in the undergraduate program by ex- 
perimenting with a single engineering cur- 
riculum leading to a bachelor of science 
in engineering. The American Society 
for Engineering Education and the Engi- 
neers’ Council for Professional Develop- 
ment have suggested in the last six months 
that more thought be taken of ways to 
simplify and intensify engineering educa- 
tion. 


Fundamental Re-grouping 


In my opinion, the answer does not lie 
in the five-year undergraduate program. 
The evidence is not convincing that under 
this lengthened plan the pace is slower or 
the amount of humanistic-social subject 
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matter is greater. Not lengthening but 
shortening is what I would propose for 
professional education, and that by a fun- 
damental re-grouping of our American 
educational system. 
Specifically, I propose that grades 7, 
8, 9, and 10 be combined into what, for 
want of a better title, I would call a 
Middle School. Grades 11 and 12 would 
be brought up to the European standard 
of the lycée or gymnasium—terminal for 
most students, but preparatory for those 
others who have demonstrated their intel- 
lectual capacity for university and pro- 
fessional training. It is hard-headed 
realism, not intellectual snobbery, to say 
that our American educational system 
cannot afford the extravagance of offering 
higher education to a vast number of un- 
qualified youth. On the other hand, our 
dynamic society requires urgently that 
those intellectually qualified but econom- 
ically handicapped be given the opportu- 
nity to train for professions. I have said 
elsewhere that there is no place in higher 
education for the mediocre student. An- 
nual tuition in the private college costs up 
to nine hundred or a thousand dollars and 
campus living up to another eleven or 
twelve hundred dollars. Yet this huge 
expense represents only a part of the total 
cost of education that must be made up 
out of endowment income or alumni giv- 
ing. In this situation, the American par- 
ent and the American educator have to 
come down to earth and provide for those 
students most able to benefit by the intel- 
lectual training. When the increase of 
college-age population hits the colleges 
with its full impact, they will be forced 
to decide between selecting qualified stu- 
dents or expanding to accommodate with- 
out discrimination all those who apply. 
On another level of education the sub- 
professional technical institutes must be 
greatly expanded in number to prepare 
men and women for the supervisory func- 
tions—ever more demanding in an era of 
automation. Adult education, both avoca- 
tional and vocational, will be needed as 


leisure time increases and as jobs chang 
with a rapidly changing technology. Fo 
those who cannot afford post-high school 
education away from home and who ar 
not destined for professional or sub-pro. 
fessional careers, the junior college wil 
fill a great need. Unfortunately, the con. 
notation of “junior” is belittling and 
should be modified. If some form of wi- 
versal military training is superimposed 
on our present system of education, the 
need will become all the more acute for 
compressing and shortening the period of 
preparation for professional practice. 
Whether or not my proposals for over. 
all educational reorganization are a- 
cepted, whether professional education 
comes earlier or later in the student’s life, 
whether it is more or less selective, we all, 
I think, are agreed on the importance of 
a program of humanistic-social studies in 
engineering education. But what pro 
gram? Shall it be tailor-made or ready- 
made? In the effort to live up to and 
implement the recommendations of the 
famous 1940 and 1944 reports of the 
Society for the Promotion of Engineering 
Education, some deans of engineering 
were inclined to apply a formula instead 
of deriving enriched curricula out of the 
resources of their own institutions. No 
educational program can be thus pro 
duced ready-made with mechanical wi- 
formity. Teachers, library, budget, and 
the relations of the engineering school to 
the university all are factors that nee 
to be taken into consideration in setting 
up each individual sequence of humat- 
istic-social studies. The 1944 “Report of 
the Committee on Engineering Education 
After the War” recommended an allot 
ment of time equivalent to one three-hour 


course extending throughout the curtie | 
 extracurric 


ulum, and on the average somewhat more, 


But caution should be exercised to limit | 
subjects to those that can be staffed ade | 


quately and taught enthusiastically. 4 
few well-taught subjects are much to be 
preferred to a smattering of poorly 
taught courses. 
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The Committee referred to above said 
under the topic of “Program and Method 
of Instruction”: “While the selection of 
subject matter suitable to the achievement 
of the aims of humanistic-social studies is 
important, we believe that this will pre- 
sent less difficulty than will devising ap- 
propriate methods of instruction. . . . 

“The knowledge of miscellaneous de- 
tails of the subject matter selected is less 
important for engineering students than 
is the acquirement of the ability to under- 
stand, to analyze, and to express the es- 
sentials of an economie, social, or human- 
istic situation or problem, and to appre- 
ciate the implications and relationships of 
such problems to the life and work of an 
engineer. 

“Formal expository methods are often 
used in these fields. We believe they are 
less effective in accomplishing the results 
advocated than a method which places 
responsibility on the student himself. 
Such a method should require him to read, 
to question, to seek evidence, to weigh, to 
judge, to accept, and to express the re- 
sults of his efforts in written or oral form 
both in school and in life situations.” 

And now I would like to comment 
briefly on a few topics related to the four 
I have discussed. The impact of advanced 
Reserved Officers Training Corps is def- 
initely hampering to the upperclass stu- 
dent who has devoted all his twelve elec- 
tive eredits to military subjects to the 
exclusion of humanistic-social electives 
and even some science electives. The dean 
of an engineering college in a university 
can do little about this detrimental sub- 


| stitution because policy is determined at a 


higher level, but I understand that in 
some independent engineering colleges ad- 
vanced R.O.T.C. is regarded as a paid 
extracurricular activity for which no aca- 


| demie credit is given. 


Another way in which engineering col- 
leges might cope with the shortage of 
time available for humanistic-social stud- 
les is to make more of the learning pos- 
sibilities inherent in well-administered stu- 


IN ENGINEERING CURRICULA 


752 


dent activities, such as publications, de- 
bating, dramaties, student government, 
and so on. There is no reason why these 
extracurricular activities should not en- 
joy status and prestige equal to those of 
the student branch chapters of the various 
engineering societies. Again referring to 
the Committee on Engineering Education, 
its report recommended, under “Methods 
of Organization”: “Encourage engineer- 
ing students to participate in expressional 
activities (music, dramaties, public speak- 
ing, painting, ete.) ; and in student organ- 
izations concerned with public and social 
problems; provide organized opportuni- 
ties for attending the theatre, concerts, art 
exhibits, ete., and assign themes and re- 
views based on these events.” 


Conclusion 


Finally, let me conclude with the ob- 
servation that too few of our students ask 
the meaning of what they are doing, or 
speculate about the significance of their 
vocations in the total framework of hu- 
man life. Until too late, they fail to see 
that the difference between vocational 
training and professional education lies 
not so much in the subject matter studied 
but rather in the spirit in which it is ap- 
proached—the breadth of view, the kinds 
of questions raised, and the value judg- 
ments taken. The humanistic-social stem 
will never succeed in reaching its objec- 
tives of providing the student with the 
basis of a sound personal philosophy un- 
less the student is convinced that the pur- 
suit of such studies is valuable and signifi- 
cant. Motivation for such studies can be 
found by the student in the enthusiasm of 
the instructor of mathematics perhaps 
even more than in the exhortation of the 
English teacher. The faculty, all of its 


members, must share a deep enthusiasm 
for a deep and broad approach. 

It is well to consider as we have here 
the problems of humanistic-social studies 
in the undergraduate engineering curric- 
ula. But we must not lose sight of their 
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ultimate goal, the training of future lead- 
ers, not only conscious of three thousand 
years of cultural heritage, but also alive 
to their responsibilities to American so- 
ciety in the second half of the twentieth 
century. In dedicating ourselves to turn- 
ing out specialists in science and technol- 
ogy, let us not forget that the last word 


College Notes 


The Duke University College of Engi- 
neering has established a new program 
to combine liberal arts and engineering 
studies. Duke will cooperate with se- 
lected liberal arts colleges throughout 
the United States in the “three-two pro- 
gram,” which will get underway this 
Fall. The program will be operated 
along with the University’s regular four- 
year engineering curriculum. Only a 
limited number of outstanding students 
will be admitted. 

Each participant will attend a liberal 
arts college for three years and then the 
College of Engineering for two years. 
After a total of five years, the liberal 
arts college will award a Bachelor of 
Arts or Bachelor of Science degree, and 
Duke will award a Bachelor of Science 
degree in engineering. 


The Illinois Institute of Technology 
Alumni Association presented a distin- 
guished service award to Arthur B. 
Bronwell, president of Worcester Poly- 


‘ 


in policy decisions will be made by th 
generalist, one whose education and «. 
perience in law, engineering, or busines 
have taught him to equate legal, physical 
economic, and human values. Aren't 
aiming to equip most of our graduats 
ultimately to be able to serve among thoy 
generalists? 


technic Institute and former ASEE See. 


retary on May 6. 


Plans for two Special Summer Pm-} 


grams on “Strain Gage Techniques” t 
be given at the Massachusetts Institute 
of Technology during the 1955 Summer 
Session, have been announced. “Fund- 
mentals of Strain Gage Techniques” wil 
be given from July 25 through July 2%, 
and “Applications of Strain Gage Tech 
niques” from August 1 through August 
5. Full details and application blank 
may be obtained from the Summer Se 
sion Office, Room 7-103, Massachusetts 
Institute of Technology, Cambridge 3), 
Massachusetts. 


The Glenn L. Martin Institute of the 
University of Maryland was dedicated 
recently. Erected at a cost of $8.5 mil 


lion, the institute is made up of eight) 
buildings which house the entire College) 
of Engineering and many of the acs} 
demic and research departments of the} 


College of Arts and Sciences. 
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The Complimentary Role of Physics and 
Mechanics in Engineering Education 


By GLENN MURPHY 


Conference Secretary, Professor and Head of Aeronautical Engineering, Iowa State College 


Among the many ideas being explored 
in the continual attempt to improve engi- 
neering education is that of eliminating 
unnecessary duplication of effort in allied 
departments. At the outset, it is evident 
that some duplication of subject matter, 
particularly as it relates to principles, is 
essential. However, undue duplication 
robs the student of the opportunity to 
receive instruction in additional areas 
which may be vital to his continued 
growth and development throughout his 
professional career. 

One possible area of duplication is that 
of mechanics as it is usually taught in the 
department of physics and later in one or 
more departments in engineering. To ex- 
plore the teaching of mechanics, the Na- 
tional Science Foundation sponsored a 
eonference of about twenty of the leading 
educators in the field. The conference 
was organized by the Physics Division 
and the Mechanics Division of the Amer- 
iean Society for Engineering Education 
under the guidance of Prof. F. L. Singer 
of the Engineering Mechanics Depart- 
ment of New York University, who is also 
current chairman of the Mechanics Divi- 
sion of ASEE. The conference was held 
at the Gould House of N. Y. U., 23-26 
January 1955. 

In evaluating the instruction in mechan- 
ies as it has been and is given by physics 
departments, the group found that in the 
majority of schools the courses in physics 
are considered prerequisite to engineering 
mechanics. As a result the student is ex- 
posed to a barrage of ideas, concepts, 
principles, formulas and solutions to 
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problems at a rate well above that at 
which he ean be expected to absorb them 
simply because so much material must be 
covered in so little time. The students 
quickly learn that grades are assigned 
on the basis of problems solved in exami- 
nations and problems are solved by for- 
mulas. Consequently, they place the em- 
phasis on formulas and seldom attain the 
depth of understanding of principles that 
is desirable and inereasingly essential. 
This is particularly true when the instruc- 
tion is in the hands of graduate assistants. 

As the conference progressed it became 
clear that the function of the first course 
in physies in an engineering curriculum 
should not be that of serving as a pre- 
requisite to mechanics and other engineer- 
ing courses. Instead, the course should 
be directed toward giving the student an 
understanding of the concepts and prin- 
ciples that are basic in our physical world. 
Applications of the principles in the 
physies department should not be directed 
toward the solution of those engineering 
problems that must be considered later in 
detail in engineering mechanics. Rather, 
the applications should be directed in such 
a way that the student will develop con- 
fidence in his reasoning ability, and his 
ability to arrive at correct conclusions 
when working with phenomena the de- 
tails of which are not directly apparent. 

In the physics course the emphasis 
should be on synthesis, or the building up 
of an understanding of laws and prin- 
ciples governing physical phenomena. 
On the other hand, the primary objective 
of the courses in mechanics in engineering 
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is that of predicting the behavior of real 
engineering systems. Consequently, the 
emphasis in engineering mechanics will 
necessarily be on analysis and problem 
solving rather than synthesis and prin- 
ciple development. 

With these objectives the initial course 
in physics for engineers will not be sub- 
ordinated to engineering mechanics in 
functioning as a prerequisite. The train- 
ing in mechanics in physics departments 
and in engineering was visualized by the 
members of the conference as proceeding 
most advantageously in parallel, rather 
than in sequence, with numerous cross ties 
to lend mutual support, strengthening and 
balance. In this way the first course in 
physies may be better designed to serve 
as a base for later courses in atomic 
physies or nuclear physics for which in- 
creasing demand is expected to develop. 
With the broader scope of engineering 
physies as visualized by the conference, it 
is clearly evident that the instruction in 
the first course in physics for engineers 
must be in the hands of the most capable 
teachers who will give it sympathetic and 
dynamic treatment, and that it not be 
relegated as a chore for graduate as- 
sistants. 

In considering solid state physies as 
a part of the physics program, it was 
brought out that the engineers are inter- 
ested in a course at the junior: or senior 
level that will give the students some in- 
sight of the behavior of materials so that 
the development of courses in engineering 
materials can proceed along other than 
strictly empirical lines. It was conceded 
that classical solid state physics is at the 
graduate level for physics majors. 

Instruction in mathematies as it related 
to the problem was considered and led to 
the conclusion that the student should be 
introduced to the concepts and a working 
knowledge of calculus as early as prac- 
ticable in his college curriculum. It is 


equally important that the mathematics 
then be used in the engineering courses. 

The discussions culminated in the fol- 
lowing statement which was adopted 
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unanimously by the members of the eon. 
ference. 

“The conference found, after a carefyl 
analysis of the statements of the obje. 
tives of undergraduate instruction in both 
physics and engineering, that the objec. 
tives are not competitive in scope but 


actually complementary when the courses | 


are properly planned and taught. It 
cannot be over-emphasized that the in. 
struction by physicists will provide the 
engineering student with an understand- 
ing of physical phenomena basic to much 
of his later studies. On the other hand, 
the objective of instruction in mechanics 
by engineers is to achieve professional 
competence in the practical solution of 
problems encountered in engineering. 
“We conclude, therefore, that there is an 
essential difference in the approaches to 
mechanics by the physicist and the engi- 
neer. There is a place and, indeed, a need 
for both of these approaches to the teach- 
ing of mechanics. The different objec- 
tives should continually be recognized 


, and used as guides in planning courses. 


Objectives of Physics Instruction 
in Mechanics 


“The primary objective of physics in- 
struction in an engineering or scientific 
curriculum is to provide the student with 
an understanding of the physical prin 
ciples that describe nature, of how these 
principles have evolved, and of their 
scope and limitations. Such an under- 
taking must begin with the study of 
Newtonian mechanics. Great emphasis 
should be placed on the conservation prit- 
ciples. The generalization of these prin- 
ciples along with associated concepts has 
formed the basis for modern physics, it- 


cluding such special branches as atomic | 


and nuclear physies and the physics of 
the solid state. With this approach, it s 


neither practical nor desirable in the | 


physics course to devote attention to the 


development of facility in detailed ap- | 


plication of physical laws to practical 
problems encountered in engineering 
practice. Stimulating problems should be 
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selected with a view to illustrating phys- 
ieal principles, and it is essential that 
they be accompanied by a challenging 
laboratory experience. These courses, ap- 
proached in this manner, should provide 
an adequate base for the student’s con- 
tinued scientific growth. 

“In order that the study of Newtonian 
mechanics be effective in setting the stage 
for a proper understanding of the con- 
cepts and methods of modern physies, it 
must be recognized that a significant dif- 
ference exists between the older physics 
and most of modern physics. In modern 
physics a large amount of theory is often 
interposed between observations and the 
conclusions based on them. Nevertheless, 
the pedagogical approach in which macro- 
scopic observations are used directly as a 
guide in building theory must first be em- 
ployed, as it can in mechanics; the student 
must later be led to the present day 
methods of inferring conclusions regard- 
ing phenomena not directly observable. 
These methods are in fa¢t used in kinetic 
theory, optics, and electricity, as well as 
in many topies of modern physics. 

“To achieve this goal, the role of con- 
servation laws in mechanics and elec- 
tricity can hardly be over-emphasized. 
The study of mechanics should also in- 
elude the dynamics of systems of par- 
ticles, wave propagation, standing wave 
systems, ete. Valuable for later work in 
modern physics will be the study of 
resonant systems, such as the mechanical 
harmonie oscillator, accompanied by dem- 
onstrations or discussions of similar res- 
onant systems in electricity, nuclear- 
magnetic resonance, and examples from 
acoustics and optics. It is in this spirit 
that instruction in mechanics makes a 
significant contribution toward the under- 
standing of phenomena in atomic, nuclear 
and solid state physics. 


Objectives of Instruction in Mechanics 
by the Engineer 


“The prime objective of instruction in 
engineering mechanics is to provide the 
student with a useful understanding of 
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the methods and principles needed to de- 
sign and predict the performance of real 
engineering systems and structures. The 
preparation of engineers for creative de- 
sign should be kept always in mind. 
Creative design requires as much in- 
genuity, imagination, and resourcefulness 
in the application of physical laws and 
principles and in making them useful to 
man as is required in the original formu- 
lation of them. 

“In order to solve real problems of the 
great variety and number that are pre- 
sented to the engineer, it is necessary 
that he become proficient in a systematic 
method of problem solution. Conse- 
quently, instruction in methodology is an 
essential part of engineering mechanics. 
Instruction must include ample emphasis 
on the following operations which are 
basie to engineering analysis. 

“The student must learn to identify the 
essential elements and characteristics of 
each specific engineering problem. Is it, 
for example, one involving statics or dy- 
namics, rigid or deformable bodies, a con- 
servative, or a dissipative system? He 
must be able to select relevant informa- 
tion and data and recognize those which 
are not pertinent. In doing this an ideal 
model must be created and the problem 
made amenable to solution. The results 
based on the idealized model must next be 
interpreted in the light of the original 
real situation. The engineer must form 
a judgment of the extent to which he can 
rely on the results obtained on the ideal 
model, and finally he must be able to com- 
muniecate this to others in suitable and 
usable form. 

“The engineer must devote major em- 
phasis to the formulation and evaluation 
of his problem quite apart from the nec- 
essary analysis. Instruction given the 
engineering student should reflect this 
fact. 

“Tt is in this spirit that the instruction 
in engineering mechanics assumes a sig- 
nificant role as a springboard to a truly 
professional attitude and approach to all 
engineering situations. 
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Objectives of Instruction in Solid 
State Physics 


“Before considering the place, if any, 
of solid state and nuclear physics in engi- 
neering curricula, it is desirable to con- 
sider the activities of physicists in these 
respective fields. In nuclear physics, the 
physicist is concerned with the quantita- 
tive behavior and structure of nuclei, the 
nature of forces involved between nuclear 
particles, and the interaction between 
nuclei and radiation. In solid state phys- 
ies the physicist in seeking to develop an 
understanding of the properties of solids 
on the basis of their atomic constitution. 

“To take part in the current activities 
in either of these fields requires a back- 
ground and a working knowledge of 
quantum mechanics as well as of the gen- 
eral principles and conservation laws of 
classical mechanics and electrodynamics. 
Such knowledge can be obtained only 
through several years of study, generally 
including graduate work. This confer- 
ence is convinced that there is no short- 
cut by which this knowledge can be given 
to undergraduate engineering students by 
means of a one or two-semester course 
in modern physics. 

“On the other hand, an introductory 
course of one or two semesters’ duration 
covering some of the topics mentioned 
above could be given following the gen- 
eral physics course. Such a course should 
broaden the training of the undergraduate 
engineer. 

“Tt is the conviction of this conference 
that the time should not be taken from 
that now devoted to an understanding of 
the fundamental principles of mechanics, 
which should be required of all engineers. 
Instead, the conference recommends that 
the basic physics course be strengthened 
by greater emphasis on fundamental clas- 
sical principles and conservation laws, 
and by an introduction to wave and 
quantum concepts. Inclusion of these 
topics is an essential introduction to the 
later study of solid state or nuclear phys- 
ies. It is also recommended that as far 
as possible, such particles as electrons, 


protons and neutrons be used in the eb. 
mentary physics course to illustrate gep. 
eral dynamical principles. In the case of 
existing two-year physics courses, it is the 
belief of the conference that some eop. 
cepts of modern physics can be intro. 
duced without requiring additional time, 
In the use of one-year physics courses, an 
extension of time of at least a semester is 
recommended. 


Mathematics Instruction as Related 
to Mechanics 


“Tt is urged that the concepts of cal- 
culus be introduced in engineering ew. 
ricula as soon as possible, preferably in 
the freshman year, and used in physics 
and engineering as soon as feasible. 


Conclusion 


“In comparing the different objectives 
and points of view of instruction in me. 
chanics by physicists and engineers, it 
should be emphasized that the physicist 
uses problems and examples from exper- 
mental physies essentially for the purpose 
of developing by the inductive method 
those concepts and principles which it is 
his objective to have the student under- 
stand. The engineer, on the other hand, 
uses certain concepts and principles for 
the purpose of achieving the solution of 
practical engineering problems. This dis- 
tinetion should determine in a major way 
the essentially different character of illus 
trative material used in each area. 

“Tf instruction in physics and engineer- 
ing mechanics follows the objectives out- 
lined, it appears that, although some 
duplication of content is inevitable ani 
even desirable, the real duplication i 
terms of influence on the engineering 


student will be negligible. On the other | 
hand, if instruction in physics follows » | 


any major way the direction of applica 
tion to engineering situations, or if it- 
struction in engineering mechanics fail 
to emphasize the professional engineerilg 
approach, then this duplication will resull 
in a serious waste of time. 
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“Consequently, it is evident that the 
preservation of the two different but mu- 
tually supporting points of view of the 
physicist and the engineer is a necessary 
eondition for maintaining the progressive 
program of engineering education, which 
in these critical days is of vital interest 
to the entire nation. 

“Finally, the conference recognizes that 
progress occurs through continuing ex- 
perimentation, and therefore recommends 
that such an attitude be encouraged in the 
teaching and the curricular arrangements 
of physics and engineering mechanics.” 

Throughout the conference there was 
the recurrent theme that the improvement 
of engineering education, which is of vital 
concern to all, can be achieved through 
the enthusiastic participation of individ- 
ual staff members in coordinated local 
programs of evaluation and improvement 
of teaching of engineers. While a con- 
ference of the type held at the Gould 
House can indicate general patterns of 
improvement, the details which constitute 
the real benefits must be worked out at 
each school in harmony with the par- 
ticular local situation. It is only through 
continual experimentation toward im- 
provement at the individual institutions 
that over-all progress will be made. 

A detailed report on the conference is 
the subject of one session at the annual 
ASEE meeting at Pennsylvania State 
University in June. 

The participants in the conference 
were: 
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Dean J. W. Buchta, University of Min- 
nesota 

Prof. J. W. Cell, North Carolina State 
College 

Prof. P. F. Chenea, Purdue University 

Prof. W. L. Collins, University of 
Illinois 

Prof. J. P. Den Hartog, Massachusetts 
Institute of Technology 

Dean H. Fletcher, Brigham Young Uni- 
versity 

Prof. N. Frank, Massachusetts Institute 
of Technology 

Dean L. E. Grinter, University of 
Florida 

Dr. G. H. Hickox, National Science 
Foundation 

Dean E. Hutchisson, Case Institute of 
Technology 

Dean R. B. Lindsay, Brown University 

Prof. J. L. Meriam, University of Cali- 
fornia 

Prof. Glenn Murphy, Iowa State Col- 
lege 

Prof. M. §. Plesset, California Institute 
of Technology 

Prof. J. J. Potter, Texas A and M 

Prof. J. A. Sauer, Pennsylvania State 
University 

Dr. Raymond Seeger, National Science 
Foundation 

Prof. F. L. Singer, New York Univer- 
sity 

Prof. I. S. Sokolnikoff, University of 
Calif. at Los Angeles 

Prof. W. B. Stiles, University of Ala- 
bama 

Prof. D. Williams, Ohio State 
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Towards Improving Student Teacher 
Relationships 


By F. D. EZEKIEL 


Instructor in Mechanical Engineering, Massachusetts Institute of Technology 


During the 1954 Spring Term a group 
of instructors and professors in the Me- 
chanical Engineering Department got to- 
gether for one hour a week with Dr. 
Harris, Psychiatrist of the Massachusetts 
Institute of Technology, to study and 
analyze the whole mechanism of teaching. 
The following represent some of the ideas 
that came to light during those meetings, 
plus some of my own personal experiences 
and findings. 

During the very first meeting we un- 
covered the most important point. Be- 
fore trying to improve our teaching meth- 
ods and learn all about the students, Dr. 
Harris pointed out that it is of the utmost 
importance to look first of all into our own 
motivations in teaching. In other words, 
we have to study ourselves first. We have 
to ask ourselves the following questions: 
Why am Iateacher? Do I like teaching? 
What are my attitudes towards teaching, 
students, courses, etc.? What personal 
satisfaction or reward do I get out of 
teaching? What type of personality do 
I have? What are my weaknesses? Do 
I derive pleasure in imparting knowledge 
to others, flunking students, showing 
others how much I know, or acting as a 
supreme authority? Do I try to make 
my students happy? Do I arouse their 
enthusiasm, curiosity, and interest? Do 
I consider the students’ feelings? Do I 
have the patience, tolerance and persever- 
ance to deal with students? Am I teach- 
ing because I like to teach, because it is 
an easy profession, or because I am 
afraid to go out and seek another job? 

The answers to these questions and 
many others help us to understand and 
possibly to solve some of the important 
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problems involved in teaching. It is 
amazing how frequently we tend to blame 
the student for certain faults when we are 
really the ones at fault, because the stu- 
dent is only responding in his own way to 
what we have to offer. 

After having acquired a clear and deep 
understanding of ourselves and our mo- 
tivations, the next step is to learn as much 
as possible about the students. Here 
again it is imperative to ask ourselves 
some more questions: Who is the so-called 
student and what are his motivations? Is 
he here because he has the inward desire 
to learn, or is he here because his parents 
want him to study, or because going to 
college is the thing to do? Does he enjoy 
studying? How mature and responsible 
a person is he? Is every course to him 
another package of learning or another 
hurdle before his degree? Is he intelli- 
gent and capable enough to handle what 
we are offering him? What does he think 
of the teacher? How does he respond to 
him? Does he picture him as a person 
who is interested in helping him or an- 
other authoritarian like his father or 


uncle who has bossed him? Does he like | 


or resent authority? Does he think the 
teacher to be honest and desirous of help- 
ing him pass the course, or tricky and 
seeking to fail him? How does he regard 
quizzes and grades? ete. 

After having learned as much as pos- 
sible about the student, the third step will 
naturally be to study the interaction be- 
tween teacher and student. 
people are basically different in many 
respects, it is rather difficult to set specific 
yet universal patterns of behavior that fit 
all instances. The best solution is to 
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IMPROVING STUDENT TEACHER RELATIONSHIPS 


study each case separately. However, 
since students in general do have a lot in 
common, there exist many similar types 
of interactions, and correspondingly sim- 
ilar successful methods of action on the 
teacher’s part. The following are some 
of the points I found that help make 
teaching more effective. 

Aside from the classroom teaching abil- 
ities and techniques, the most important 
element that determines the teacher’s suc- 
eess and popularity is the type of rela- 
tionships that he can establish between 
himself and his students. Students in 
general are extremely sensitive and there- 
fore are more easily apt to form opinions 
about teachers that are very hard to 
change. It is during the very first few 
class periods that most of the attitudes 
are established. 

Here Mr. Teacher walks in for the first 
time to tell his students how he proposes 
to run the course, how much quizzes and 
homework count, what he expects the stu- 
dent to do, and how he penalizes and pun- 
ishes. Mr. Authority himself! The stu- 
dent reacts to this in various ways. He 
may take up the attitude of wait and see, 
or he may feel this is another authority 
in his life like his older brother, for ex- 
ample, and will immediately then transfer 
all his attitudes, defense mechanisms, and 
resentments, which he had developed ear- 
lier, to his new teacher. He may like 
him, hate him, or be completely indiffer- 
ent. These initial opinions may change 
depending on how the teacher answers 
his questions in class, helps him in his 
homework difficulties, or even grades his 
quizzes. Accordingly, the student’s class 
attendance, enthusiasm to study and suc- 
cessfulness on quizzes are at least par- 
tially dependent on how he feels towards 
the teacher. 

Thus, the student-teacher personal rela- 
tionship is extremely important for suc- 
cessful teaching. As a consequence, the 
teacher always must be careful when deal- 


ing with students. He must strive to keep . 


his students happy and make them like 
him as much as possible, especially the 
students whose grades fall on the lower 
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half of the scale. A student’s pride can 
be injured very easily and unintentionally. 
For example, when a student asks a rela- 
tively simple question to which he is sup- 
posed to know the answer, the teacher 
may easily hurt the student’s feelings by 
consciously or unconsciously ridiculing 
him. In most eases, it will be the last 
time that particular student will ask that 
teacher a question. As a result, he will 
resent the teacher and let other problems 
ride and, as a consequence, may fail the 
course. 

To cite another example, when a stu- 
dent having felt cheated on his quiz grade, 
comes to see his teacher, the latter may 
spend a long time telling the student how 
carefully he graded all the other quizzes 
and how unfair it would be to change any 
grade. What will the student’s reaction 
be? He is likely to think the teacher to 
be a block of concrete, tough and unyield- 
ing. He most likely will refrain from 
coming to see the teacher, not only with 
future problems with quiz grades, but 
also for any other problem. This has 
happened all too frequently—the stu- 
dent’s personal relationship with his 
teacher is shattered. On the other hand, 
assume that the teacher takes an “easy- 
going” attitude. He gives the student the 
impression that he is ready to change his 
grade if a good argument can be pre- 
sented, that he is thereby willing to give 
him the benefit of the doubt. What will 
happen? The student walks away happy 
with a sense that his teacher is an under- 
standing man after all: if he manages to 
get an increase in the grade he will feel 
satisfied; if not, he at least gets the as- 
surance that his teacher is a reasonable 
person to deal with. It is my own per- 
sonal finding that, for the most part, this 
student will then spend more time in 
course preparation, and will as a result 
improve on the next quiz. In this way 
one can win the student’s friendship and 
avoid being known as a “tough grader” 
or “slave driver.” 

Since a good student-teacher relation- 
ship is very much desired, the fourth step 
explores means of achieving it: by what 
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methods or schemes can you make friends 
with the sullen student, the one that 
thinks you are tough and tricky, the one 
who pictures you as a cruel authoritarian 
or the silent one who does not dare talk 
to you? The solution is simple. Make a 
definite appointment with the student to 
come to see you in your office. Once 
together, start asking him some simple 
questions in order to encourage him to talk 
to you. Be kind and gentle with him 
and above all, a good listener. The stu- 
dent, given his chance, will talk. Let him 
speak about anything. By so doing, the 
barrier that so often keeps people apart 
melts away. The student at ease will be- 
gin to think, “I have found a friend.” 
The importance of these words cannot 
be underestimated. This student will like 
and respect you. He will attend your 
classes and will study hard what you 
assign to him. In some eases he will even 
develop a great liking for your course 
and make it his field of specialization. 
You have inspired him and have become 


his friend. For example, a certain stu- | 


dent I know failed his first term quiz and 
came to see me at my request. He told 
me all about himself, his family, and how 
his father sells lawn mowers. For fifteen 
minutes we talked thus. The quiz he 
failed was mentioned only in passing. 
We talked as friend to friend. On the 
next quiz he earned one of the highest 
grades and wound up the term with an 
“A” for the course. He wrote on his in- 
structor evaluation sheet: “As a further 
indication of my pleasure with the teach- 
ing techniques, I have even attended many 
Friday classes despite the fact that I am 
home the preceding hour and have no 
classes following.” 

Another student who could be classified 
as sullen came to see me after obtaining 
the lowest grades on the two previous 
quizzes. It is not difficult to imagine why 
this student was not friendly. I gave 
him a chance to talk using every method 
I knew. After ten minutes he broke 
down and smiled, “Sir,” he said, “I’ve 
got a block against you. I thought you 
were very tricky in that first quiz. When 
I took the second quiz, I was so nervous 


that I couldn’t do anything. . . .” I the 
very briefly explained to him what my 
objective was in quizzing him and that | 
understood how he felt. By merely talk. 
ing over his complaint, this student ha 
discovered for himself my true attitude 
and hence has erased the conflict to save 
himself from a dangerous situation. Fron 
that day on, not only his class attendance 
and homework improved, but he obtained 
a relatively high grade on the next quiz 
and eventually passed the course. It is 
true this procedure is time-consuming 
especially on the teacher’s part, but the 
results are unquestionably very worth- 
while. 

As regards effective classroom teaching 
techniques, it is very hard to outline any 
special ones since these are highly per. 
sonal and dependent upon the personality 
of the individual teacher. However, | 
have found that enthusiasm on the teach- 
er’s part is of paramount importane, 
Creating an atmosphere of friendliness 
and warmth, establishing a relationship 
of confidence and fearlessness, having r- 
spect for the students, avoiding serious 
criticisms, offering challenges, keeping the 
class awake and attentive by asking sug- 
gestive, thought-provoking questions, and 
calling on students to take active part are 
effective tools. Generally, students tend 
to assume a highly passive mood during 
lectures and find it hard to change whe 
exams come around. Encourage questions 
and discussions and respect everything 
that students ask. There are hundreds 
of students who don’t dare ask questions 
to solve their difficulties for the simple 
reason that they are afraid to let the 
teacher and the other members of the class 
know how much they don’t know. This 
is a great pity and can be solved. It 
largely depends on the teacher’s attitude 
and motivations. 

In conclusion, it seems to me that teach- 


ing methods ean be improved and it i | 


entirely up to the teachers to do it. If 
students fail, it is not wholly their fault. 
Many an unhappy situation can 
avoided if the proper action is taken # 
the right time. 
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Contributed by CYET 
WEINBERG, Chairman 
University of Utah 


YET-1rupEs 


for the young engineering teacher 


LEE HARRISBERGER 


Editor of YET-itudes 
N. C. State College 


“The Uneagered Beaver” 


At the beginning of his career in teach- 
ing every YET has to some degree an 
ambition to do a better, more unique job 
of teaching engineering. This is only 
natural because there is no one who has 
more faith in himself than the man who 
hasn’t tested his power. This is motivator 
No. 1. The second big motivating force 
is inexperience. The YET wants to jump 
in feet first and try something because he 
is too “green” to know it can’t be done. 
Consequently, he experiments with his 
teaching. He tries many things that have 
been tried by others, makes mistakes, goes 
up blind alleys, and finds out that some 
of the things the old timers have told him 
are true. But, he’s trying. 

If there were no experimenting, no one 
would know what would work and what 
wouldn’t. Experience is knowledge 
gained from “trying it out.” Progress 
is making mistakes. 

But, there aren’t enoughs YETs mak- 
ing mistakes. The natural inclination of 
the YET to “mix-it-up” in his work is too 
often squelched too soon in his career. 
The Journat is full of theory articles but 
it doesn’t often get to report the results of 
a brave soul’s attempt at trying out the 
theory. There is little encouragement to 
strive for better methods. It is too easy 
for the YET to degenerate to a level of 
unconcerned complaceny—to become a 


victim of habitual doing. Even the more 
determined “eager beavers” find pioneer- 
ing to be a futile task and give it up. 

We looked around to see what were 
some of the things that “stall out” the 
eager YET. Furinstanz: 


@ There seems to be quite a bit of 
pressure from the old timers to have 
the course taught their way—using 
the text they have adopted. 

@ The YET is all too often given too 
large a teaching load. In any case 
he has too much teaching to do for 
a beginner. There is so much rou- 
tine he can’t possibly do anything 
else but teach it the way it has 
already been set up. 

@ The YET is pressured to do research 
and advanced study on top of his 
all-too-large teaching load. He is 
rarely encouraged to do research in 
the development of the laboratory 
or course he’s teaching. 

@ The YET has to face the devastat- 
ing inertia of an engineering faculty 
body. [This is a group of faculty 
people who are individually “for it” 
and collectively “against it.” Status 
quo is its motto—altho it can’t agree 
on what is the status to be quo 
about.] Here is where the YET 
learns to put educational problems 
last and professional problems first. 
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@ There is one thing that “saves-the- 
day” for all present methods of 
teaching and tends to belittle any 
effort to make improvements. This 


is the fact that no one can prove: 


that a school or individual’s teach- 
ing program is inferior or superior. 
Thus, if your catalog checks with 
his pretty well, you’re doing a good 
job. 


All these frustrations ‘“uneager-the- 
beaver.” Teaching the course becomes an 
automatic habit and attentions are put 
elsewhere. Soon, he is even “bucking” 
a change because it would “shake-up” a 
comfortable teaching routine. It’s amaz- 
ing how a comfortable routine makes it 
right—tried and true! 

It is too bad that engineering colleges 
aren’t faced with a terrific competition to 
place their graduates. If competition ex- 
isted to the extent it does in industry for 
the sale of the product, we would have 
no traditionalism and “status-quoism.” If 
a school’s graduates couldn’t get hired 
because their training was inferior—there 


YET-ITUDES 


would be some real “hot” activity to r. 
vise the courses, invent new techniques of 
presentation, revise the curriculum, r. 
vamp the labs—jack up the faculty—ge 
new texts, etc., ete. 

In spite of all the discouragement that 
is presented to the YET who is moved to 
do some experimental teaching, some stil] 
try it and we slowly move ahead. We 
need more teachers to get in and “mix-it- 
up” in spite of the hostile environment. 
One of the best things that could happen 
to the teaching profession would be to 
have every YET revamp his course this 
next fall. 

Throw out your notes and start from 
serateh—try a different emphasis—try a 
new technique! Rattle the old harness 
and shake off some of the dust! Youll 
find your work will be more interesting 
and you may even startle a few people. 


Who knows, you might do us all some | 


good.—_LH 


% % 


Here’s your YET-itude for June: 


(Change it! Even if it’s wrong! Progress 


was never made standing still! 


ANNUAL MEETING 


June 25-29, 1956 
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Are Graduate Courses Millstones or Milestones?* 


By L. L. OTTO 
Professor of Mechanical Engineering, Michigan State College 


Practically all of the engineering 
teachers who are now teaching graduate 
courses have worked their way up to 
that position by serving an apprentice- 
ship at the undergraduate level. The 
usual pattern of a new entrant into the 
teaching profession includes a period as 
an instructor in one or more sections of 
a many-sectioned course where he may 
profit by association with older, more- 
experienced teachers in the same course, 
followed by a period in which he is 
given jurisdiction over and responsibility 
for a course or series of related courses. 
After this training period he reaches 
the point at which his teaching experi- 
ence, his greater maturity in the gen- 
eral field of teaching, and his broad 
acquaintance with theory and applica- 
tion in a given engineering field, qualify 
him as capable of teaching graduate 
courses in that field. 

If, after reaching this advanced attain- 
ment level he establishes or takes over 
a successful graduate course or courses 
he should feel that he has passed a mile- 
stone in his career as an engineering 
teacher, and in his value to the school 
for which he serves. 

The co-existence of graduate and un- 
dergraduate courses in an engineering 
college gives rise to many advantages, 
both tangible and intangible, and to a 
few minor disadvantages. There is no 
other comparable way in which a young 
engineering graduate who aspires to be- 
come an engineering teacher can simul- 
taneously earn the advanced degrees 


* Presented at the Annual Meeting of 
ASEE, Educational Methods Division, Uni- 
versity of Illinois, June 15, 1954. 
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which the teaching profession presently 
demands of its members, and also come 
into intimate contact with the teaching 
methods used by the leading practitioners 
of the teaching art in its engineering 
phases. The close contact usually af- 
forded by smaller graduate-course reg- 
istration gives the professor a_ better 
oportunity to evaluate the possible 
teaching aptitude of the graduate stu- 
dent. If, by good fortune, the student 
is also a graduate teaching assistant, 
both student and faculty have an excel- 
lent chance to observe and evaluate each 
other with beneficial results to both. 
The student has an opportunity to ex- 
perience both the thrill of feeling a 
class respond to his efforts at leading 
their reasoning processes, and the re- 
sponsibility of presenting a planned, 
progressive program for successive pe- 
riods. This opportunity helps to sepa- 
rate the sheep from the goats. The 
half-hearted and undecided aspiring 
teacher is discouraged by the respon- 
sibility and its accompanying labor, 
whereas the able, conscientious teaching 
assistant takes these things in his stride 
and is strengthened in his intention to 
become a teacher. This early selection 
and elimination process is of great value 
to the schools and to the subsequent 
eareer of the student. 

The less tangible benefits of co-existent 
graduate and undergraduate courses are 
nevertheless real to both students and 
faculty. The presence in the labora- 
tories of advanced work is a stimulus 
to the undergraduate student by actually 
showing him that individual and ad- 
vanced research can be carried on by 


JouRNAL OF ENGINEERING EpucaTION, JUNE, 1955 


704 ARE GRADUATE COURSES MILLSTONES OR MILESTONES? 


others trained in the same curriculum 
he is following. His interest in, and 
appreciation of his present work is 
heightened thereby. The presence on 
the blackboard from a preceding gradu- 
ate class of advanced applications and 
extensions of principles which the senior 
undergraduate is just then beginning to 
understand may show in some small way 
the fact that there are things to learn 
beyond the Bachelor’s degree, and that 
it might be to the senior’s advantage to 
continue his education after graduation 
and advance in his learning processes as 
a graduate student, as an extension stu- 
dent, or on his own. If this thought 
could be instilled strongly into the 
minds of our senior undergraduates a 
great deal of benefit would have been 
done. 

The preceding discussion would indicate 
that the development of an adequate group 
of graduate courses was a definite mile- 
stone to a school, and to the teacher who 
participates in these courses. Before 
drawing final conclusions on the subject, 
however, I wish to elaborate on the re- 
lationship which exists between graduate 
courses and the person who teaches them. 
During the years in which I have been 
involved in teaching graduate-level 
courses in engineering I have often tried 
to determine for myself the relationship 
between the effort required to present 
the course and the possible reward which 
might return to the teacher. I have 
tried to evaluate my own attitude with 
respect to graduate courses and also that 
of others with whom I have discussed 
this situation at various educational meet- 
ings in the east and midwest. Among 
college teachers I have observed an atti- 
tude toward the teaching of graduate 
courses which varies all the way from 
resentment toward the work involved in 
a graduate course up to gratitude for 
the oportunity to teach a course at an 
advanced level to students who are really 
interested in what the teacher has to 
offer. 

Personally I feel that anyone who is 


‘ 


to make a success of graduate teaching 
must have an attitude toward  theg 
courses which lies at the latter extreme, 
For his own good, and for the good of 
his students he should honestly feel that 
graduate teaching represents an oppor. 
tunity for him to be of real service to a 
selected group of superior students, to 
his own career, and to the school at 
which he teaches. If this is his attitude 
the work involved in preparing material 
which will hold the interest of the su- 
perior students will be accepted as neces- 
sary and desirable, and laborious though 
it may be it will never become a chore, 

If the teacher’s attitude is one of re 
sentment at the amount of work involved 
in a graduate course, he might better 
be relegated to the teaching of less im- 
portant courses, or in extreme cases to 
be eased out of teaching entirely. 


Ample Fund of Enthusiasm 
Necessary 


The benefit from graduate courses 
which accrues to the teacher and to the 
student is almost in direct proportion to 
the enthusiasm which the teacher puts 
into the course. Enthusiasm is contagi- 
ous, it can be transmitted from teacher 
to student, and vice versa, to the mutual 
benefit of both. 

The amount of effort required on the 
part of the teacher to carry on a gradu- 
ate course program varies tremendously. 
Some teachers are fortunate enough to 
have handed to them a ready made pro 
gram which someone else has built up 


into a popular or necessary course se | 
quence, and for which adequate text | 


material is readily available. In these 
fortunate circumstances the _ teacher 


needs only to bring to the course a thor- 
ough knowledge of the course material | 


and its relation to other courses, and 


an ample fund of enthusiasm to rub of | 
on the students. If this is done care | 
fully the course should remain popular | 


and be counted as part of the regular 
teaching load of its instructor. 
Unfortunately this situation does nd 
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always occur, and some teachers find 
themselves faced with a tremendous 
problem in their attempts to establish 
a graduate course or sequence of courses. 
To begin with there may be only a few 
graduate students at the school who have 
the necessary prerequisites and field of 
interest. Unless he can persuade all of 
these students, and possibly some others 
in addition, to take the course for credit 
during the same term, the number regis- 
tered for the course will be below the 
required minimum, and he will get no 
eredit on his teaching load for all the 
work he will have to do. Also there 
may be no suitable textbook available 
for the material he desires to cover, 
and he will have to supply the necessary 
information from his own notes and 
writings. This is almost equivalent to 
the writing the textbook and teaching 
the course simultaneously. Under these 
conditions even the best and most 
enthusiastic teacher, when harassed by 
committee assignments,- building plans, 
personnel problems, and a heavy teach- 
ing load, will sometimes question the 
advisability of carrying on a graduate 
program in the face of such odds. 

The fact that many teachers do strug- 
gle on against just such difficulties must 
in itself provide sufficient evidence that 
the opoprtunity to teach graduate 
courses is considered desirable. Gradu- 
ate courses offer some things which the 
required undergraduate courses cannot 
offer. Most graduate courses are elective 
in nature and are taken only by students 
with special interests in the material 
covered by the course. In addition to 


this special motivation the graduate stu- 
dent usually has a better background 
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in math, mechanics, thermodynamics, and 
related subjects, and is emotionally more 
mature than the undergraduate, so he 
will undertake successfully the more ad- 
vanced and interesting phases of a sub- 
ject which the undergraduate will not 
even attempt. 

Furthermore a graduate course in most 
fields of engineering gives a teacher an 
opportunity to present to a critical but 
sympathetic audience any new material 
or new techniques which he has devel- 
oped, and to obtain an audience reaction 
to his presentation at a time when any 
necessary corrective measures may be 
easily taken. 

Last but not least is the opportunity 
to train the men who must take over 
the assignment of teaching future gen- 
erations when he is ready to pass along 
that responsibility, and to repay in some 
measure the debt which he owes to pre- 
vious professors who guided his own 
early graduate days. 

Any of us who look upon graduate 
courses as a necessary evil, to be en- 
dured like any other required chore, have 
lost sight of the human benefits which 
can be gained from them. Unlike those 
people who expect to obtain their re- 
ward after they reach heaven, the teacher 
of a successful graduate course can ob- 
tain this satisfaction by observing with 
pride the progress of the boys he helped 
to train, and enjoying the warm friend- 
ships created in the process. Such a 
teacher will look back on his progres- 
sion to the field of graduate courses as 
the opening of an opportunity, and the 
question of millstones versus milestones 
will have received its proper answer. 


| 4 


Education for Creativity in Engineering 
(with the aid of 


By M. S. GJESDAHL 


Professor of Mechanical Engineering, Pennsylvania State University 


Recently a newspaper article appeared 
outlining the educational steps involved 
in teaching creativity in art among 
young children in elementary schools. 
The article stated that it was deplorable 
for a proud father to buy coloring books 
for his youngster because this left no 
incentive or ingenuity to be supplied. 
Great strides are being made in creativ- 
ity in art with youngsters. 

Likewise, in home economics education, 
the student is encouraged to be creative, 
original and distinctive, in design and 
styling as applied to feminine attire. 
The results of effort in creativity are, 
often quite revealing. 

Inventive technique or creativity in 
engineering is possible without formal 
training. We are now trying to formal- 
ize the pattern or technique which has 
been practiced by individuals who had 
a limited amount of education and who 
developed successful procedures for 
creativity. Thomas Alva Edison con- 
centrated his time and effort on the de- 
velopment of an idea which his mental 
curiosity had aroused and which his 
mental habit would not allow to become 
dormant. His formal education was 
interrupted at an early age yet he 
trained himself in creativity by study, 
experimenting and an insatiable desire 
to solve a problem and make it work. 
Likewise Charles F. Kettering failed to 
complete his academic career in engi- 
neering. He, too, developed a philosophy 
and an approach to problems, particu- 
larly in the automotive industry. 

In recent years several large com- 
panies have instituted programs which 
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six pairs of I’s) 


train in creative thinking. The Gener 
Electric Company is well known for its 


Creative Engineering Program. In thes | 


programs young engineers are encow- 
aged to develop their capacity for the 


solution of problems or projects whieh | 


may be new, which may have been 


tried before and given up, or whic} 


somebody said could not be done. 
Sometimes age is unnecessarily effee- 
tive in diluting enthusiasm. As Alex Ff. 
Osborn, an advertising executive, and 
author of an excellent book entitled, 
“Applied Imagination,” says, “Older 
leaders must especially guard against 
letting their long experience make then 
cynical toward ideas which might seem 
unpromising at first blush. So warns 
Clarence Francis, head of General Foods: 
‘Younger executives come to me with 
what they think are new ideas. Out of 
my experience I could tell them why 


their ideas will not succeed. Instead of | 


talking them out of their ideas, I have 
suggested that they be tried out in test 
areas in order to minimize losses. The 
joke of it is that half the time thes 
youthful ideas, which I might have 
nipped in the bud, turn out either to b 
successful or to lead to other ideas that 
are successful. The point I have over- 
looked was that while the idea was not 
new, the conditions under which the idea 


was to be carried out were materially | 


different.’ ” 
One of the basic requirements for cot 
sideration of Education for Creativity 


is an unhibited mind. How often it # | 
noted that an individual untrained i | 


the sciences and engineering asks the 
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searching question, “Why doesn’t some- 
body develop a method or a gadget to 
do thus and so?” Right there is an 
idea for creativity. A need has been 
suggested. 

Engineering education, in the final 
analysis, is dependent to a large degree 
upon the developments of the past and 
the experience and academic training of 
those who teach. Many industries, in 
recent years, have requested engineering 
faculty members to render assistance on 
problems for which their own engineers 
do not have time or are incapable of 
solving. The approach to an unusual 
problem, which the instructor uses, is 
the approach which students in engineer- 
ing need to learn something about. 

It is possible by dint of hard work 
(which is required) to develop  tech- 
niques in creativity by individual effort. 
However, companies obtain fruitful re- 
sults by group effort concentrating 
thought on a project or program. The 
suggestion box in a manufacturing plant 
is an example of encouraged group 
effort. 


Developing Creative Ability 


What factors are important in devel- 
oping creative ability? The mental 
processes in proceeding from the known 
are fundamental in scientific training. 
Combined with an insatiable curiosity 
and imagination, acquired academic 
knowledge leads to development along 
new paths. A sense of dissatisfaction 
with routine procedure is helpful. Sup- 
pose this line of thought is applied to 
engineering education. 

Let us assume that a group of stu- 
dents have a foundation of basic engi- 
neering education (if such a premise is 
valid) or rather let us assume our candi- 
dates are ready to begin their fourth 
year in engineering. Up to the present 
time, academically very little integration 
of the various courses in a curriculum 
has been evident. Facility in mathe- 
maties, an absorption of physical laws, 
a little dab of service courses in other 
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curricula added to the main stem courses 
—and so we have fourth year students 
with a mental basketful of packaged 
courses. In another 32 weeks, these 
students are separated from the clois- 
tered protection of prepared lesson as- 
signments with known answers to many 
more or less carefully prepared prob- 
lems. Fundamental, yes, but what in- 
spiration for creativity exists in such a 
traditionally operated sequence of edu- 
cational steps? Even our examinations 
are slanted toward a pattern solution 
because all answers should agree with 
our own to a certain decimal point. 

In what way may the concept of 
creativity, imagination or inventiveness 
be applied in each course? As _ the 
fundamentals of descriptive geometry, 
mathematics, physics, mechanics are cov- 
ered, is the main emphasis in these 
courses a question of quantity or effi- 
ciency of absorption at the close of an 
academic year? Do we conclude with 
a mental sponge more or less fully ab- 
sorbed with droplets of engineering data 
in a metastable state, or have we devel- 
oped a reservoir of fissionable material 
which requires only a state of unsettled 
impatience or ingenuity to gender a 
chain reaction resulting in a capacity 
for creativity or scientific development? 


Practical Creativity 


Mr. E. K. Von Fange of the General 
Electrie Company has the following to 
say about college training. “The usual 
college training adversely affects crea- 
tivity. For example, the assignments 
given in a typical engineering institu- 
tion might be likened to a foot-bridge 
swinging and swaying across a rather 
wide and deep chasm. The problem is 
the bridge. At the other end of the 
bridge lies the solution. Strong and 
sturdy guide rails are formed by the 
detailed definition, boundary conditions, 
the applicable formulas or procedures 
given in the text, ete. As the student 
goes through his years of education, he 
is sent across progressively longer 


t 
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bridges, though each is still adequately 
protected by guard rails, and he has 
little difficulty. Then, upon graduation, 
the guard rails are removed and he is 


told his sheepskin equips him well to- 


start across the bridge. Small wonder 
that engineers, new to industry, are a bit 
hesitant and undecided about what to do 
and how to go about it! And small 
wonder, too, that they learn to use the 
safely guarded bridges of the conven- 
tional in their engineering career and 
refuse to cross a creative bridge even 
if they do see it, simply because it has 
no guard rails to lead and guide them.” 

For the past few years, in applied 
machine design with sixth semester 
juniors in mechanical engineering we 
have assigned a term problem, allowing 
about ten weeks of the total sixteen 
weeks on the problem. Last semester 
the problem involved the design of a 
dual-purpose electric motor driven im- 
pact tool for power screwdriving and for 
power hammering or chiselling. A com- 
bination tool of this sort is not on the 
market. The specifications among other 
items included a computation notebook 
showing the evolution of the tool design 
with all sketches made of proposed 
mechanisms and structural details whether 
or not they appear in the final design, 
all calculations made to justify sizes and 
proportions of the critical parts of the 
tool, and references from catalog litera- 
ture indicating selection of commercially 
available parts. The final design was 
presented in a layout assembly draw- 
ing of the proposed power tool on 17 
by 22 vellum paper. Sufficient views 
and sections to describe its external 
appearance as well as the internal con- 
struction and arrangement of parts were 
required. 

During the last week of the semester 
each student was given an opportunity, 
in ten minutes, to describe his design to 
a panel of three instructors, one of whom 
was his own in the design course. Then, 
he was questioned by the panel and he 
was required to justify and clarify 
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‘of three pairs of I’s, that is, of Imagina- 


features which were ambiguous or er. 
roneous. Each member of the panel 
evaluated the design on the basis of 
originality and presentation, engineer. 
ing design and production. 

The comment so often made by the 
students at the end of the semester js 
that they used much of their previous 
training and that they “were really on 
their own.” The instructor serves as an 
advisor and encourages the exploration 
of an idea which the student offers in the 
design project. It is enlightening to the 
instructors who must consider design 
problems with the students. Of course, 
a few try to lean on the experience and 
judgment of the teacher. Self-reliance 
does not come easily to some. 


Six Pairs of I’s 


In considering education for creativity, 
six pairs of I’s seem to be basic. They 
may be applied by student and teacher 
alike. 

Creative Thinking is a concatenation 


tion and Ideas, Incentive and Initiative, 
and Illumination and Inspiration. The 
result of insight with I’s such as these 
leads to Creativity through the other 
three pairs of I’s, namely; Information 
and Intelligence, Investigation and In- 
terpretation, and finally Invention and 
Improvement. The use of these six pairs 
of I’s on any problem or project should 
yield, in appropriate time, a solution or | 
result which may be said to be creative. | 
The acquisition of, or the encouragement 
to get, an ability to think and act crea- 


tively is an important aim of education | 


in engineering. 

Suppose each one of us were given the 
problem of designing a safety device for | 
refrigerators, the household type, so that — 
a youngster who may have been shut i 
inside by playmates could by some meals _ 
unlatch the door. Try and apply the 
six pairs of I’s to such a problem. 

The August 1946 issue of Mechanical 
Engineering contained an article by Wi 
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liam H. Easton entitled “Creative Think- 
ing and How to Develop It.” In this 
excellent article, among other important 
statements, he says, “There are three 
creative processes which are used by 
every thinker. These are: Imagination, 
which is the power that enables a thinker 
to weave ideas into new combinations 
while he is engaged in deliberate think- 
ing. It usually deals with easily re- 
membered ideas. Inspiration, which is 
the result of an accidental stimulus. It 
occurs when new ideas derived from some 
observed object or circumstance suddenly 
and automatically combine with old ideas. 
Illumination, which is evoked by intense 
deliberate thinking and forms new com- 
binations of ideas after the thinking has 
ceased. It resembles inspiration in oc- 
eurring without present effort, but has an 
entirely different cause. It frequently 
brings to the surface long-forgotten 
ideas.” Note the I’s in the quote just 
given. 

In a sport, whether played singly or 
on a team, after we have learned the 
rules and rudiments of performance, we 
try to outmaneuver the opponent with 
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imagination and the unexpected. Crea- 
tivity is like that. It is trying the 
untried, asking why not, making assump- 
tions—radical ones, using past experience 
and present needs to generate ideas. As 
in a game, it requires effort to win. 

A high-grade cabinet maker became 
skillful because he first learned the proper 
use of his tools, so that each tool would 
perform in accordance with his designed 
effort. The fact that he is a high-grade 
cabinet maker is not due to his posses- 
sion of the tools, but due to his ability 
to apply them as needed. His inspira- 
tion and ingenuity produce the differ- 
ence between excellence and mediocrity. 

Thus in training engineers though we 
may supply the necessary tools of the 
profession by our educational process, 
it is essential to instill that ingredient 
or spark which sharpens the imagina- 
tion with the intellect. 

In evaluating our perspective of en- 
gineering programs, our teaching tech- 
niques and integration of course content, 
it is our goal to develop well-prepared, 
confident, inspired, creative young engi- 
neers. Of such, there is a great need. 
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The Education of Leaders* 


By ROBERT B. DAVIS 


Assistant Professor of Mathematics, University of New Hampshire 


Sometimes philosophy is important. 

I have seen students required to take 
courses which are worthless to them. 
This, unfortunately, does happen, and 
often on rather a large scale. It is de- 
fended by saying that the course has 
always been required, or prehaps it is 
defended by saying that many students 
need the course, or perhaps it is de- 
fended by saying that one must learn 
trigonometry quite thoroughly before one 
is prepared to go on to calculus. I 
have heard courses in analytic geometry 
defended by the statement that they are 
“not without interest.” 

All this is a question of judgment, and 
it is often hard to put one’s finger on 
the root of the matter. In any question 
of judgment, we need to know all of the 
facts. It does not do to dispense judg- 
ment at a distance, and one has to be 
careful not to talk in empty generalities. 

Nonetheless, in a precise, concrete way, 
making due allowance for the delicate 
judgment involved, I find that I am 
shocked at some of the philosophy which 
I have encountered in academic circles. 

There is the philosophy of uniformity. 
We must treat everyone exactly the 
same. Not fairly. We cannot treat 
everyone fairly if we are to treat every- 
one the same, because students are not 
identical when they come to us, when 
they register for our first-term freshman 
courses. The one student knows trig- 
onometry well. The next does not. The 
one is eager, the next is lazy. 

But I have frequently heard faculty 
members say that we must treat every- 

* This paper won second prize in the 1954 
Y.E.T. contest. 


one the same. And they meant exactly 
that! This student got a 59 in ow 
course, and so did that one. We mut 
treat them the same. No matter that 
student A has been out of school for 
years, has never had a strong high schoo 
background, has worked hard all tem, 
has been hampered by the illness of his 
wife, but nonetheless shows unmistakable 
signs of the maturity and good judgment 
which promise to make him a good civil 
engineer, let’s say. No matter that stv 
dent B came with a good background of 
factual knowledge, refused to_ believe 
that there was anything he did not al- 
ready know, and in fact finally stopped 
attending class altogether. No matter 
that student A made nearly 60 in ever 
quiz all term, while student B’s record 
began with 90’s and ended with zero. 
They both ended up with an average of 
59! Treat them both the same! fo 
both diseases we have the single remedy: 
students A and B will repeat the cours 
next term! 

No matter that, as a civil engineer, 
student A will not really require ths 
course in his later professional work, 
whereas student B, in his work, will. 


I know perfectly well where this phi-} 


losophy of uniformity comes from. It 
is the offspring of another pernicious 
idea: the idea that we must avoid enii- 
cism above all else. Like the politicia 
who prefers doing nothing, because doing 
anything at all will create some enemies 
we faculty members often act as if we 
are quite prepared to see our curriculum 
become outdated, rather than risk eri 
cism. If we do this year what we dil 
last year, we shall have a precedent, ani 
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a precedent, in academic circles, is the 
best possible answer to criticism. Logi- 
cally it is an unacceptable answer al- 
together : a precedent, logically, means 
that either one was making the same 
mistake already last year, or else, per- 
haps, one is refusing to seek improve- 
ment or even to keep abreast of change. 
But de facto it is the best answer of 
all. Just say: “Why, we have always 
done it that way!” 

I think we must be willing to experi- 
ment, and at a good rate, too. We can- 
not sit in last year’s ivory tower and 
concentrate on avoiding criticism. 


Let me return to the required courses 
which I mentioned earlier: 

Does one learn trigonometry thoroughly, 
and then learn calculus? I say em- 
phatically one does not. No student who 
has just completed a course in trig- 
onometry for the first time is already 
the complete master of the subject. 
Working with trigonometry, subsequent- 
ly, is what drives it home. Yet we often 
divide the curriculum into vertical seg- 
ments with far too much separation, and 
require an unrealistic degree of mastery 
at each step before allowing the student 
access to the next higher step in the 
ladder. 

We also divide the curriculum into 
horizontal segments, and teach—for one 
example—integration as a dull (and 
difficult) mathematical technique, where 
the practically-minded student finds little 
to seize hold of. We teach differential 
equations as a separate subject. The study 
of beam bending is again separate. Yet 
these three areas can be effectively com- 
bined, in a certain sense. Not necessarily 
that the three courses should be replaced 
by one. There is too much material in 


them for that to be possible. But com- 
bination of a sort is possible and ex- 
tremely effective. 

One can walk into a class in Integral 
Caleulus, and ask the question: if a 
beam is to be loaded uniformly, will we 
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be less in danger of breakage if the ends 
are rigidly fastened, or if they are free 
to pivot? I know how well this type of 
integration can work (“integration,” that 
is, in the sense of tieing subject matter 
together, not in the sense of un-differen- 
tiating a differential), because I have 
tried it. I have asked precisely this ques- 
tion, to a class of students armed only 
with their Integral Calculus texts. Some 
of the problems at the end of the chapter, 
in the text, contained all the theory that 
was needed. 

And the technique worked magnifi- 
cently! 

The students had expected me to come 
in and spend the period evaluating in- 
tegrals like 


f cos! x sin‘ x dz. 


They expected me to stand there and 
write formulas all over the blackboard 
while they waited impatiently for the 
end of the hour. They were quite ex- 
cited by the idea that simple reality 
questions had a proper place in a “dull” 
math course. Moreover, I am sure that 
they were excited by the idea that I could 
treat them as engineers, and ask a simple 
question, leaving to them the task of 
locating the proper section in the text, 
leaving to them the problem of achieving 
a suitable mathematical formulation, and 
leaving to them the proper interpretation 
of the mathematical result. 

Frankly I am proud of that episode. 
Because it was much more than one 
hour’s work. If I had not prepared 
a suitable atmosphere earlier in the 
course, if I had not shown the students 
that I had confidence in their ability 
to get along with a minimum of help 
from me, the result would have been 
dismal, not triumphant. I would have 
asked the question... 

. and the room would have been 
filled with a beautiful, tranquil silence, 
but no sound whatever of an answer. 


} 
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Dependent Relationship 


I have another class, on a more ad- 


vanced level, where it is much more 
difficult for me to persuade the class to 


give up their passive dependence on me. 


Of course I want them to feel that I am 
there ready to help them, at any time 
when I am actually needed. But I want 
them to learn that they can get on with- 
out me. I want them to know that I 
have confidence in them, and that I am 
not indispensable. And I want them to 
learn confidence in themselves. We have 
made progress in this class, these stu- 
dents and I, but there is still a long 
way for us to go. The students are 
beginning to believe that my confidence 
in them is genuine, but they are still 
somewhat uncertain whether or not they 
deserve it. We shall have to show that 
they do. 

This is a very delicate area. It is not 
a trivial question, the proper handling 
of the student’s dependence. The stu- 
dent must get support from the teacher, 
but he must learn to stand on his own 
two feet out of the simple joy of doing 
it. He must come to stand on his own 
feet because he really wants to—not 
because he has been thoughtlessly pushed 
into such a posture. 

In handling this dependent relation- 
ship, the teacher is called upon to dis- 
play the delicate skill of a surgeon— 
and not the all-too-frequent technique 
of a pedagogical butcher. 

Let me list some more philosophies 
which I think are dangerously false: 


False Philosophy No. 317: The stu- 
dents must be told exactly what to do, 
how to do it, when to do it, and—after- 
wards—how well they have done it. 

(I say NO, four times!) 

False Philosophy No. 321-D: Educa- 
tion is like medicine; if it isn’t unpleas- 
ant, it isn’t really doing much good. 

(On this I carefully refrain from mak- 
ing comment, in order not to depart 
from the generally discreet tone of the 
present communication.) 
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False Philosophy No. 407-XHF: h. 
dustry wants obedient engineers. 

(I say ...Oh, excuse me. [ety 
just say: “Industry, as nearly as I ey 
tell, does not want men who expect tp 
be told what to do and how and wha 
to do it. Industry wants men with 
initiative ... 

... that means men who decide for 
themselves, who can act on their om 
decisions—and, of course, men who ge 
along well with others, who cooperate 
in organizational manoeuvers, who se 
things in context—men who will see the 
possibilities inherent in something new— 
men for whom the future is something 
exciting and different... 

. . . and you don’t train men like that 
by telling them what to do for for 
years. You don’t train men like that 
unless you, as their teacher, are pleased 


to regard yourself as just barely neces | 
sary—not indispensable—and are hon-| 


estly convinced that, as students, they can 
do things by themselves. You have to 
respect their judgment, and you have 
to recognize and respect their motiva- 
tion.) 

Initiative is never going to line up 
and get a serial number, and you cant 
train it that way, either. That way, you 
can only kill it before it even gets 
started. 

Let me, finally, return once more to 
our earlier discussion of required courses. 
Why is analytic geometry required? Its 
subject matter is so intermingled with 
that of calculus, and with the elementary 
notions of vector analysis, that a mud 
smoother “unified” course can be created, 


‘instead of teaching all of these subjects > 


separately. In doing so one leaves out, 


to be sure, certain highly specialized | 
in analytic geometry. These | 


topics 
omitted topics, however, are almost never 


useful. It is true that in studying them, | 
the student does get some additional | 


training in mathematical manipulation, 
which is of course valuable. I admit 
that, but... 

... But aren’t we also, in analytit 
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geometry courses, teaching the student 
that mathematics is a dull and difficult 
game which has little to do with reality? 

This notion is widely held among en- 
gineers. It is untrue. Yet it must come 
from somewhere. I would say that it 
comes from the organization of our 
mathematical curriculum, from the way 
in which math is presented, from 
the unfortunate separation which we 
make, between math and the other en- 
gineering and science courses. Even the 
physicist, who ought to be working hand 
in hand with the mathematician, tends 
to regard the mathematician as someone 


 yaguely impractical, more concerned with 


formalisms than with practical accom- 
plishments. How are we to bring the 
curriculum back together again? 

If we want to teach the student some 
mathematical technique, is it not better 


' to teach him the manipulation of mathe- 


matical materials which are still alive, 
rather than the dried-up, desiccated par- 
ticularities of many analytic geometry 
courses? Who cares what a latus rectum 
is? The standard deviation would be 
more to the point. 

We could eliminate analytic geometry, 
move the courses forward, and make 
room for a better course in differential 
equations, or for a course in Bessel func- 
tions and partial differential equations 
arising in engineering, or a course in 
numerical and graphical methods, or 
perhaps even a good course in probabil- 
ity and statistics. 

This would be exciting material. And 
one could make sure that such a course 


_ was generously sprinkled with current en- 


gineering applications that would help 
the student to tie his entire education 


_ a bit more closely together. 


And, of course, the mastery of manipu- 
lation would still be present, just as 
much so as in analytic geometry. 

Although I shall not dwell on it, this 
is in fact another question of philosophy. 
When someone says “this course is not 
without value,” I find myself thinking: 
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“Yes, but what else might be better?” 

I think the universities need to culti- 
vate a greater realization that they deal 
in an economy of scarce means. There 
are just so many class hours available, 
just so many rooms and so many teach- 
ers, just so many years in the students’ 
lives, just so much mental effort per 
student. Not an unlimited amount of 
time, nor an unlimited amount of mental 
effort. We say that we recognize this. 
But do we, when our curriculum in- 
cludes the latus rectum of analytic 
geometry, with no apparent awareness 
of all the more important material which 
is being left out? 

Please do not misunderstand me. I 
do not refer only to analytic geometry. 
I refer to all of the material of sec- 
ondary interest which is permitted to fill 
our curricula, excluding material of pri- 
mary interest. We are well able to see 
the exclusion principle in quantum me- 
chanics. Why can’t we see-it in our 
university curricula? 

I refer to all of the special little items 
that have excluded more important gen- 
eral questions. Analytic geometry is 
merely one case in point. 

And since we have said that phi- 
losophy is important, I wish I could 
find, also, the proper way to ask the 
following question. I would like to ask 
every teacher who leads the student 
every step of the way, who feels the 
student could not make it by himself, 
this: 

“Why?” 

“Why do you think the student in- 
capable of getting along by himself? 
He can organize his own clubs, can’t 
he? When he goes astray, a youth can 
organize a band of others, and devise 
all manner of nefarious activity, much 
of it highly ingenious. Students can 
learn subjects, such as electronics or 
music or the art of writing short stories, 
entirely by themselves, in their spare 
time, if the fancy hits them. Why, then, 
do you feel that students must be led 
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carefully along? I say that the job of 
the teacher is to inspire the student, then 
let him go by himself.” 

It seems to me that the teacher who 


leads every step of the way is afraid. 


He is afraid that the student will be 
able to go on without him. . 

Or perhaps such a teacher is just 
lazy. It is so easy to lecture to one’s 
audience (Merciful Heavens! Am I do- 
ing that in this article?), without admit- 
ting that the audience (a phrase which 
sounds impersonal) is actually a group 
of fifteen or twenty human beings, each 
of them quite different from all of the 
others, each of them having feelings, 
passing judgments, making decisions, and 
acting on their own (even if their only 
decision is to cut class as often as they 
ean.) Is the teacher who delivers dull, 
routine, rote lectures really aware of 
these twenty human beings, and of all 
the potentialities within each of them? 
Is he perntitting himself to recognize the 
myriad complexities of their various 
futures? All of the things they will do, 


THE EDUCATION OF LEADERS 


or will fail to do, during the next fifty 
or sixty years or so? i 
Why on earth do teachers want to hk 
textbooks? 
Conclusion 


It seems to me that all of us who ar 
faculty members need to work honestly 
—and with some definite determination 
—to create and maintain a certain de. 
sirable atmosphere in our schools. An 
atmosphere, that is, that aims at train. 
ing leaders, not meekly submissive 1. 
bots; an atmosphere that sees the teacher 
as someone who is there to help, not to 
threaten or to criticize; an atmospher 


that respects the student’s ability to think | 


for himself; an atmosphere that is lively 
and changing, that views a new and 


different tomorrow as a thing of exciting) 


promise, not a dangerous departure from 
the dull repetitions of all of our yester. 
days. 
ence, creativity, maturity, and emotional 
warmth. 
An atmosphere, that is to say, of 
‘ happiness, growth, and progress. 
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Unionization of Engineers—A Reexamination 


By GLENN W. MILLER 


Associate Professor of Economics, The Ohio State University 


In the December, 1954, issue of this 
Journal two authors took a very strong 
position to the effect that professional be- 
havior and attitudes to be expected of 
engineers are incompatible with member- 
ship in a union. Mr. Clarence T. Shock 
and Mr. A. A. K. Booth approached the 
subject from different angles but arrived 
at much the same conclusion. Both dis- 
cussions are founded on value judgments 
as to the motivation and behavior of 
union members. However, many of these 
concepts seem to spring from the atypi- 
eal (but well publicized) actions of some 
unions and unionists. These ideas merit 
further examination if. those who read 
the Journal wish to examine all sides of 
the question of unionization of engineers. 

Early in his discussion Mr. Shock re- 
fers to “the philosophy . . . of collective 
bargaining” and comments immediately 
that “the words have a sinister sound to 
us, and portend a situation in engineering 
cireles totally foreign to the generally ac- 
cepted philosophy of a professional man.” 
It is to be presumed that the sinister 
sound heard by Mr. Shock echoed from 
the word “bargaining” rather than from 
the word “collective.” Mr. Shock wrote 
as an officer of an engineering society; 
the very existence of such a society indi- 
cates action by the group (i.e., collective 
action) to achieve certain agreed upon 
goals. Evidently there is a line to be 
drawn between the activities in which en- 
gineers (and other professionals) may en- 
gage collectively and those actions still in 
the preserve of individual action. The 
question is where this line of demarcation 
shall be drawn. 

The writer would be the last to sug- 
gest any weakening of an attitude of 


genuine professionalism within any 
group. However, it seems that the ego- 
satisfaction that may come from member- 
ship in a relatively small, elite group 
often is mistaken for professionalism. 
Along with a skill or ability possessed by 
relatively few, professionalism carries 
with it a certain philosophy which is 
“fundamentally eulogistic.’* Both the 
search for ego-satisfaction and the eulo- 
gizing of the profession are pseudo-pro- 
fessionalism to be contrasted with the gen- 
uine professionalism which is character- 
ized by competence in a chosen field, in- 
tellectual curiosity, and willingness to de- 
vote much time and effort in the use of 
one’s special abilities for the improvement 
of society. Perhaps this tendency to eulo- 
gize the profession is one of the most im- 
portant factors creating the philosophical 
breach between many “professionals” and 
“labor.” As long as the professional con- 
siders himself in a group apart (and also 
fails to understand more about organized 
labor) then techniques that may be used 
by large numbers probably will not be 
accepted. 

Not all professional groups hold the 
opinion that union membership contra- 
dicts professionalism. Musicians, actors, 
and newspaper reporters, are examples. 
Air line pilots have their own union that 
bargains collectively. Engineers may ar- 
gue that the examples cited are not pro- 
fessionals to the same degree that they 
(the engineers) are. However, the eulo- 
gistic philosophy of the professional 


* Northrup, H. R., ‘‘Industrial Relations 
with Professional Workers,’’ Harvard Busi- 
ness Review, Vol. XXVI, No. 5, September, 
1948, p. 543. 
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should be kept in mind. The reporter, 
musician, or pilot will be able to argue 
the peculiar importance, and professional- 
ism, of his job. Even so, many of them 


have turned to collective economic action. 


Mr. Shock is of the opinion that “our 
immediate problem really has little to do 
with employers or employees as such.” 
Evidently in his point of view engineering 
employees stand alongside management 
pursuing similar goals along the same 
paths. From this point of view flows the 
attitude that an organization of engi- 
neering employees to pursue the goals of 
employees is indefensible. Taking as his 
bete noir the Engineers and Scientists of 
America, he states “we are apprehensive 

. of the stated aims and objectives of 
this organization, which are at extreme 
variance with the more altruistic motives 
expressed by the long established pro- 
fessional engineering societies.” Subse- 
quently, he expresses his bewilderment 
“how has the engineering profession been 
maneuvred into this peculiarly contradic- 
tory situation of professing on the one 
hand to devote its combined talents to the 
benefit of mankind, and on the other, to 
foster activities which are extremely con- 
troversial as to their public interest 
value?” 

This apprehension and perplexity is 
unwarranted. Any form of behavior can 
be found in the labor movement of the 
United States. A person can find ex- 
amples to emphasize his greatest fear or 
to support his most optimistic viewpoint. 
Much depends on what the observer wants 
to see. The labor movement in the United 
States is some 150 years old and 17,000,- 
000 strong. Taken as a whole it has a 
proud history; it has been in the fore- 
front of the struggles for many of the 
social and political institutions that we 
enjoy now such as free public schools, 
abolition of imprisonment for debt, child 
labor legislation, social security measures, 
minimum wage laws and the like. Indeed 
organized labor has been one of the strong 
and consistent supporters of the demo- 
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cratic way of life.t While there is 
doubt that Mr. Shock and others can fin 
examples of union behavior to bolster 
their fears, examples which the bulk of 
the labor movement itself decries, the 
typical behavior of unions is quite 4 
different story. 


Strike Activities 


Engineers are disturbed by the poten. 
tiality of strikes and other coercive actiy. 
ities of unions. Mr. Shock refers to “the 
usual methods of unions (coercion, strikes, 
picketing, closed shop, ete.)” Mr. Booth 
notes with disapproval the strike action of 
one group of engineers. Again the mis- 
givings are not well-founded. In indus. 
tries covered by the Taft-Hartley Ad, 
the closed shop has been unlawful for 
nearly eight years, so it hardly merits the 
adjective “usual.” 
are not a usual method. In only two 
years in our history have the numbers of 
workers engaged in strikes exceeded 3, 
500,000; post World War II years show 
an average of fewer than 3,000,000 strik- 
ers. These figures may be compared with 
a labor force now totalling nearly 65,000; 
000 and a union membership of about 17, 
000,000. In most years the percentage 
of estimated working time lost because of 
strikes is less than one-half of one per- 
cent.t Engineers seem especially to de- 
ery the strike weapon. While their rea- 
sons may be different, most workers als 
are opposed to striking if it possibly car 
be avoided. Strikes cost individual men- 
bers who are involved and unions large 
sums of money; they are embarked upm 
reluctantly. The publicity given to labor 
disputes and the little attention paid to 
peaceful labor relations has done much to 


t Millis, H. A., and Montgomery, R. 5, | 


‘‘Organized Labor,’’ McGraw-Hill Book 
New York, 1945, Chs. I through V. See al 


Dankert, C. E., ‘Contemporary Unionism it | 


the United States,’’ New York, Prentice 
Hall, Inc., 1948, passim. 
} For current data on work stoppages s 


Monthly Labor Review issued monthly by 


the U. 8S. Department of Labor. 
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foster an erroneous impression of the in- 
clination of unions and their members to 
strike. 

Still another comment is relevant to the 
strike fears of engineers. It is almost un- 
heard of for a strike to be called just to 
create excitement, to harm or destroy an 
employer, or for any such type of reason. 
A work stoppage occurs when workers 
and management can not agree on terms 
or conditions of employment. Let us take 
a very simple example. A union asks an 
employer to pay $2.00 per hour for a 


certain type of labor; the employer will 


offer no more than $1.85 and a work stop- 
page ensues. Both parties want work to 
continue—under the conditions that they 
are backing. Strictly speaking there is a 


' strike against working at $1.85 per hour 


and a lockout against work at $2.00 an 
hour; use of the term “strike” is unfor- 


 tunate since the label suggests that the 
ly two 
union is responsible. 


Mr. Shock is of the opinion that “union- 
ization places sole emphasis on wages and 
hours, and on union membership.” Prob- 
ably unions always will put considerable 
attention and effort on the subjects men- 
tioned. However, to imply that the “sole 
emphasis” is as suggested is to ignore 
many problems on which unions spend 


' much time. Representing workers in the 


handling of grievances, working on prob- 
lems of health and safety, negotiating on 
subjects such as vacations and sick leave 
are only a few examples of the many is- 
sues beyond wages, hours, and member- 
ship in which unions are interested. Some 
activities of unions today go well beyond 
the work-place and into the communities 
in which we live. 

Many of the activities of present-day 
unions are not of primary benefit to their 
own members. Support of a minimum 
wage law will be an aid to workers with 
low incomes who are likely to be unor- 
ganized. Support of a United Appeals 
campaign or a blood donor program are 
other examples. Standing squarely be- 
hind the philosophy of intellectual free- 
dom when it is threatened in a college or 
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university takes union organizations still 
farther afield. The list of such “extra- 
curricular” actions of unions could be ex- 
panded greatly. 

Most engineers are inclined toward a 
pro-management point of view. Since 
World War II the writer has conducted 
two or three classes each year in labor 
problems for engineering students; their 
pro-management attitude is clear, al- 
though they do not differ greatly in this 
respect from other university students. 
Messrs. Shock and Booth strongly sup- 
port this management orientation. Aris- 
ing from this attitude, there is a reluc- 
ance to think of engineers as employees. 

Recent studies (not centered on engi- 
neers, it is true) suggest clearly that union 
membership does not destroy loyalty to 
the employer.§ There is no reason why 
the engineer who chooses to join a union 
cannot remain loyal to the company and 
continue to command the trust and re- 
spect of management. Most of us have 
multiple loyalties—perhaps to family, 
church, lodge, friends, professional 
groups, unions, employers, political par- 
ties, and the like. The motivations and 
goals of such groups will not coincide al- 
ways, and choices will have to be made. 
But membership in one group or associa- 
tion does not necessitate disloyalty to some 
other institution whose aims or goals may 
be somewhat different. It may call for 
accommodation or compromise, but such 
is life. The aims of management and em- 
ployees may diverge (especially in the 
short run) but they are not unalterably 
opposed. Satisfactory working arrange- 
ments can be and are worked out day 
after day. 


Employee Status of Engineers 


As to the employee status of engineers, 
the American Federation of Technical 


§ Purcell, T. V., ‘The Worker Speaks His 
Mind on Company and Union,’’ Cambridge, 
Harvard University Press, 1953. See also 
‘*Dual Allegiance to Union and Manage- 
ment’’ (A symposium), University of IIli- 
nois Bulletin, Vol. 51, No. 79, July, 1954. 
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Engineers (A.F. of L.) comments “in 
America today, over 90 per cent of all 
technically trained persons are employed 
on a salary basis. . . . This condition is 
the result of the transition of industry 
from single ownership to the corporate 
type of collective ownership. This growth 
of industry has directly affected the 
status of the engineer. . . . It has created 
the Employee-Engineer.” || 

If the typical engineer is an employee, 
will the type of professional organization 
used by some other groups meet the needs 
of engineers? Mr. Booth cites with ap- 
proval a speech delivered before a branch 
of the medical profession, and wishes for 
the same type of professionalism among 


engineers. It is true that doctors and 
lawyers affect their economic status 
through “professional” organizations. 


However, most doctors work for them- 
selves selling services directly to the pub- 
lic. The economic relationship of a doe- 
tor or lawyer to his patient or client is 
quite different from an employer-em- 
ployee relationship. In the first place, 


little bargaining occurs over the price of ' 


medical care. If any kind of bargaining 
were to occur the doctor will be the equal 
or better of his “employe” or patient; he 
needs no union to deal for him. Logically 
he will pattern his group activity after 
those of the business man. A “trade as- 
sociation” type of group activity may 
serve adequately the economic interests of 
the group. On the other hand, employees 
may need a different kind of organization 
to serve their economic needs—if they de- 
cide that these needs can not be served 
adequately by their individual efforts. 

If groups of engineers were to elect to 
organize, there is no reason to assume that 
bargaining done on their behalf would be 
identical with that of any other union. 
The issues bargained out and the tech- 
niques used vary widely from union to 
union, depending on the membership and 
leadership of the union, the attitude of 


|| ‘*Are You Afflicted With Professional 
Aloofness?,’’ recruiting leaflet issued by the 
union. 
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the employers, the problems of the ep. 
ployee group, and the like. Geom 
Meany, President of the American Fe. 
eration of Labor, commented recently 
some of the misgivings of engineers p. 
garding unionization: “No other orga. 
ization or union has any voice in form. 
lating the collective bargaining demank 
of the American Federation of Technical 
Engineers, nor are the wage and salary 
rates for members . . . patterned afte 
the rates or contracts negotiated by an 
other union. The gains made ... hay 
not been accomplished at the expense of 
stifling initiative. . 
members are protected by articles in the 
contracts.” 

Engineers themselves must decide m 


the manner in which they shall purse) 
Under present! 


their economic interests. 
federal labor legislation they are free (a 
long as they conform to the vote of: 
majority of the bargaining unit) to unio. 
ize or stay out of unions. If they choos 
to unionize, they may do so in a separate 
group, as long as it is not employer don- 
inated, or as a part of a union that in 
cludes employees other than engineer, 
The choice should not be made lightly, 
since it calls for a decision as to whether 
the past philosophy of economic indivil- 
ualism continues to be a desirable guide 
post. All relevant information on tle 
issue should be considered. This discu- 
sion suggests that, in the past, full ani 
and unbiased information on unions ofte 
has been lacking. In making a decisin 
it is suggested that the following propos: 
tions be considered as well as those e 
pressed by Messrs. Shoch and Booth: 


1. It is becoming increasingly diffeul | 
for the individual employee to co} 
trol his economie life effectively.) 
Opportunities for employment, ai, 


vancement and the like are affecte! 
by many forces besides the effors 
and desires of the individual, aul 
beyond the control of the individu 


{| Meany, George, ‘‘ Engineers Need Unior 


ism,’’ The American Federationist, Vol. & 


No. 3, March, 1955, p. 20. 


. . Patent rights 


2. Engir 
fessio 
find 1 
inept 
econo 

3. Many 
neers 
In m 
centel 
techni 

4, Memk 
flict 
althou 
degre 
some 
fessio 

. In ge 
way | 
intere 
ean b 


Mi 
west 


the en. 

Georg: 
can 
ently 
neers ye. 
r organ. 
n formn. 
demands 


Technical 


salary 
ed afte 
| by any 
have 
pense of 


ights of} 


2s in the 


ecide on 
pursue 


present 
free (a) 


ote of a 
union- 
y choose 
separate 
yer dom- 
that in- 
ngineers, 
lightly, 
whether 
individ- 
e guide 
on the 
discus 
full ani 
ms often 
decision 
propos: 
hose 


difficult 
to 


ectively. 


ent, 


affectel 


» efforls | 


al, ani 
lividual. 


Union 
Vol. 


on 


Engineers or other groups of pro- 
fessional employees probably will 
find that professional societies are 
inept and reticent at representing the 
economic needs of employees. 


. Many professional workers, engi- 


neers included, have joined unions. 
In most instances these unions have 
centered around persons of a certain 
technical or professional knowledge. 


. Membership in a union need not con- 


flict with genuine professionalism 
although it may tend to reduce the 
degree of individualism assumed by 
some to be part and parcel of pro- 
fessionalism. 


. In general, unions do not act in a 


way that is contrary to the public 
interest. Examples to the contrary 
ean be cited, but these are not rep- 
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resentative of the union movement 
in the United States. 

6. If unions could help engineers to be- 
come well-paid and relatively secure 
in their jobs and economic future, 
engineers need not lose any of their 
respect for their profession, their in- 
tellectual curiosity, nor their desire 
to serve in such a way as to build a 
better tomorrow. 


This discussion draws no conclusion as 
to whether engineers should join unions; 
that decision is one for the engineers. It 
is clear, however, that many professionals 
have a meager and often erroneous im- 
pression of unionism in the U. S. today. 
This paper attempts to clarify some of 
these misconceptions held by many engi- 
neers. 


. The Midwestern Conference on Solid Mechanics and The Mid- 


western Conference on Fluid Mechanics will hold a Joint 
Meeting at 


PURDUE UNIVERSITY 


on 


September 8, 9, 10, 1955 
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American Institute of Chemical Engineers 


American Mathematical Society 


American Physical Society 


American Society of Mechanical Engineers 


Institute of Aeronautical Sciences 
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Some Suggested Changes and Shiftfof Em phasi 
in the Engineering Curriculum 


By ERIC J. LINDAHL 


Head, Mechanical Engineering Department, University of Wyoming 


I, for one, would like to feel that 
the unified curriculum is just around the 
corner, and it may be for a few institu- 
tions, but until a great deal more selling 
work is done, I think it will be some 
time before the operation as now prac- 
ticed in nearly all engineering colleges 
is abandoned. In the meantime we 
should look about carefully to see if we 
can make our present system more effi- 
cient by consolidating as many courses 
as possible and by taking the frills, the 
non-essentials and overlapping materials 
out of our present offerings. Only in 
this way can the four year program be 
salvaged since there is now no room to 
add courses and the addition of a new 
course comes at the expense of some 
course already in the curriculum. In 
the small schools, it is also imperative 
that we make use of our class rooms and 
instructional staff in a more efficient 
manner by putting students from several 
departments into one class as much as 
possible. If, by a wave of the hand, 
we can’t have everybody taking the same 
thing, then perhaps a gradual change can 
be affected by gradual consolidation of 
the various programs that now exist. 

One way to bring about consolidation 
is to do away with that unpopular thing 
called the engineering service course. I 
have found that almost universally these 
courses are unpopular and dreaded both 
by the student who takes the course and 
by the instructor who feels that he is 
forced to lower himself by teaching the 
course. The young instructor frequently 
is caused to teach the service courses and 


it is no wonder these young men som. 
times wonder if they are in the wry 
business. 

It once fell to my lot to teach separai| 
service courses in heat power for cheni.| 
cal engineers, for civil engineers and fr 
industrial engineers. In each case th) 
first few pages in the text were me 


to elementary thermodynamic equation! 
which were presented in such a sketch) 
fashion that the poor fellows were le 
hopelessly confused and bewildered h 
cause otherwise worthwhile material r. 
ceived such a “lick and promise” trea 
ment. Certainly they had nothing upw 
which to build in later years and in 
estimation if a course presented in a 
engineering college cannot be used as: 
foundation for future study then thi 
course is to be considered useless. 

I would suggest that rather than bei 
required to take the special servic 
course, that the students in the othe 
departments take all or part of the sant 
course as the students for which thi} 
course is a major. 

For one thing I would suggest thif 
all students take the same course I} 
thermodynamics as that which the mt 
chanical engineers are required to tale) 
While it is true that, while there wi 
not be so much application material i) 
this course, that which they do lean 
they will learn more thoroughly all 
they will have a foundation upon wit 
to build. 

The same is true with mechanical & 
gineers and others taking the beginnilt 
course in electrical engineering. At t& 


‘ 
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present time the work covered is so 
sketchy that the poor fellows have only 
the vaguest idea of what is going on 
and about all they learn is that they 
have a thorough dislike for anything 
electrical engineering. What would be 
wrong with having the mechanicals, civils, 
and others at least taking the beginning 
course presented to electrical engineers? 
Certainly the mechanicals, and perhaps 
others, need just as thorough a ground- 
ing in electrical engineering fundamen- 
tals as do the electrical majors. 

Out in this Western country it is prob- 


ably a good idea to have all students, 
“| be they civil or otherwise, take a course 
in surveying. 
students be subjected to the same be- 
ginning course? 


So why should not all 


All schools do not require a course in 


‘ heating and ventilating for mechanicals 
} but apparently all architectural engineers 
have to take that course and many in- 
stitutions have an elective course in heat- 
'} ing and ventilating for mechanicals even 


if it is not required of them. I would 
again suggest that all people taking the 
heating and ventilating course be sub- 
jected to exactly the same treatment. 

At the University of Wyoming we 


have just finished setting up new cur- 


riecula since we are changing from the 
quarter system to the semester system 
of operation. While I had hoped that 
many more changes in the departmental 
curricula could be made, what changes 
have been made have been brought about 


in the direction of a unified curriculum. 


The students have always taken the 
same mathematics, physics, chemistry, 
mechanics, fluid mechanics, and some 
others and now we have all the students 
taking the same thermodynamies and 
have all those requiring heating and ven- 
tilating taking exactly the same course. 
In other words we have done much to 
eliminate the so-called service course. 


_ The thermodynamies course has had a 


one-year trial and the heating and ven- 
tilating course has had a five-year trial. 
Both have been successful and the only 
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trouble is that the civil engineers make 
better grades in thermodynamics than do 
the mechanicals and electricals. The 
heating and ventilating course taken by 
both the mechanical engineers and archi- 
tectural engineers has not suffered mate- 
rially in rigor over the course formerly 
given for mechanicals alone and in the 
combined course the architectural engi- 
neers do just as well as the mechanicals. 
We feel that we have made a right step 
in eliminating service courses. As I said 
at the outset we are supposed to give stu- 
dents something upon which they can 
build in the future and this cannot be 
done with much success with one of those 
bobtailed service courses with the theory 
all covered in the first 15 pages and 
the rest of the book devoted to thousands 
of words of description and hundreds 
of illustrations which are out of date 
before the ink is dry. 


Too Much Material Covered 
in Textbooks 


Another thing that I have been won- 
dering about is why is there so much 
material covered in every textbook. No 
matter whether it is a book on power 
plants or internal combustion engineer- 
ing or what, there is always a chapter on 
fuels and combustion. Why is this in- 
cluded here? Could this not be left out 
of all of them and given in a separate 
course in combustion? This would cut 
down the size of many textbooks and 
thus reduce their cost. I find also that 
several books have a chapter or two 
dealing with heat transfer. Most schools 
have a separate course in heat transfer 
so why should this material be included 
in several of the books secured by a 
student. In general, it is only covered 
once and that time in the heat transfer 
course for which a separate text is pur- 
chased. 

These are only a few examples of 
stuffing texts and the first question that 
comes to my mind is whether or not a 
book has to be fat to be salable. Cannot 
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good things come in small packages? 
It has been my experience that all the 
material cannot be covered in every text 
anyway so why put so much into them. 
Every text should not be designed as-a 
reference book or handbook. 

I am also wondering if there could 
not be some realignment of existing 
courses. For instance, now that courses 
are given in steam turbines and gas 
turbines and in some cases hydraulic 
turbines, centrifugal pumps, fans, blow- 
ers, and so forth, the books I have 
scrutinized have considerable overlapping 
in the principles of operation of these 
devices. Perhaps some schools already 
do this but could not a course be given 
in rotating machinery which would apply 
to all these devices. Students have so 
much trouble carrying principles from 
one course to the next, perhaps if they 
could see how basie principles are tied 
together from one machine to the other, 
less confusion might result. I have only 
used one example here and that in me- 
chanical engineering but I feel that other, 
examples and in other departments could 
be brought to mind. For instance, all 
types of reciprocating machinery could 
be covered in a single course. 

I believe that we try in all schools 
and in all departments to cover too much 
material. Generally speaking, it seems 
the students have been presented so many 
things and have such a vague knowledge 
of what they have learned that they are 
completely confused and have so very 
little confidence in what they are able to 
retain. I feel that many are in the same 
shape as a friend of mine who remarked 
on commencement day, “I know nothing 
and I’ve got that all mixed up.” I 
think it is high time everyone took a 
good look at curricula and courses to 
decide what should be taken out rather 
than what should be put in. It cer- 
tainly is true that if we expect to put 
in something we have to take out a like 
amount. I would like to see a group 
of top educators, preferably working 
through A.S,E.E., make a study and 
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suggest what material and what cours 
should be deleted and what should 
presented. If that were done and ;j 
laboratory equipment were prescribe 
or suggested it would be much ease 
to plan for an E.C.P.D. visitation anj 
also so much easier to please the E.C.P), 
inspectors. 

Before closing I should like to repes 
that the material presented to student 


should be something upon which the) 


ean build in the future. While we 


engineering should certainly look ou) 
courses over and decide what to throy) 
out, I feel that the mathematics peopk{ 


miss the boat here as much or more tha 


anyone else and they could so easily! 


make a change. They try to give tw 
much. 


heard concerning a mathematics profs. 


sor was paid to one on our campus whe 


it was stated that this mathematics pr- 
fessor did not try to tell the students 
everything he knew. Incidentally, thi 


mathematics professor is the most popi-) 


lar man in that department. I har 
often wondered why mathematics peop 
put in so many extras which appear i 
the back of the book at the expense i 
teaching a few things well which appe 
in the front part of the book. If th 
procedure were reversed, the student 
would have a sturdy foundation upu 
which they could build by either cous 
or individual study. 

I dare say that there are students wi 
come into their junior year who hat 
never had pointed out to them whit 
parts of the calculus book they will & 


needing during the next two years. The) 
never seem to recognize nor are the) 


able to handle the simple basic equation 


required in the junior and senior 
but I think I know the answer why. 
They have been too busy sitting arow| 


watching a mathematics instructor spetl 
hours and hours integrating and diffe 
entiating extremely lengthy and compl 
equations for which they will certaitl! 
have no immediate use and which perhiji 


have very little practical applicatio) 


The highest compliment I eva! 
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I dare say that engineering sophomores 
are required to operate with equations 
which could not be set up by a single 
living soul in the states of Utah, Wyom- 
ing, or Colorado, except by a man who 
enjoys mathematical gymnastics. I feel 


that too many teachers, be they mathe- 
maties teachers or engineering teachers, 
are much more interested in teaching 
their courses than they are in teaching 
students. 

In thinking of the reasons why so 
few people want to go into engineering 
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teaching, I wonder if it is because we, 
as their teachers, have done such a rotten 
job that they do not want to be like us. 
Perhaps we have given them too much 
of the wrong thing. Perhaps our courses 
contain too many uninteresting and un- 
important things or perhaps we have 
given them too much and merely caused 
them confusion. 

I feel that it is high time we do every- 
thing we can to place greater emphasis 
upon basic ideas upon which our students 
ean build in the future. 


| 
4 
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The Teaching and Learning of Engineering 


By ERICH A. FARBER 


Professor of Mechanical Engineering, University of Florida 


Whenever the question of what to teach 
the students of engineering in their col- 
lege courses arises, little disagreement is 
found among educators and professional 
engineers. Everyone agrees to the magic 
words “The Fundamentals.” When, how- 
ever, it comes to defining these fundamen- 
tals, differences of opinion appear, and it 
is possible to get answers like “chassis de- 
sign,” “jet propulsion,” and other fields 
of individual interest. 

The student, on the other hand, often 
remarks “Why don’t we learn something 
practical, rather than all this theory?,” 
when his opinion is sought. However, 
when asked to define what he means by 
“Something Practical,” he becomes con- 
fused and contradictory in his own state- 
ments. 

Without reaching agreement on a def- 
inition of the fundamentals, the discus- 
sion usually leads to the question of how 
best to teach the students, inspire them, 
and prepare them for their future assign- 
ments. 

It is important to keep the overall pic- 
ture of what is to be accomplished in mind 
in any long range project such as the 
preparation for an engineering career, 
and to show the students how their im- 
mediate efforts lead to their ultimate goal. 

This paper proposes a workable defini- 
tion of the fundamentals, a method of 
showing the student the path leading to 
his ultimate goal, the importance of re- 
search, how to give students contact with 
practice, and the final product which can 
be obtained. 


The Fundamentals 


“The Fundamentals” shall be the laws 
of nature which govern the universe and 
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are, for engineering purposes, often er. 
pressed in the form of mathematical 
equations or laws. It should be realized 
at this point that our understanding of 
the fundamentals is based upon our abil- 
ity to recognize facts correctly and that 
they have to be revised from time to time 
as our understanding of these facts be. 
comes more complete. They are not lays 
in the true sense of the word but rather 
formulation of facts as best we see them. 
When, for convenience, the actual facts 
are expressed approximately by rather 
simple expressions, the limitations and r- 
strictions should clearly be stated. 


The Path Leading to the Ultimate Goal 


Everything worthwhile which has bea 
achieved by an individual, a group, o 
humanity as a whole was done by striving 
toward a definite, clearly defined—d- 
though sometimes unattainable—goal. All 
the efforts were directed and coordinatel 
in this one direction and, if persistent, 
crowned with unbelievable success. 

When applying this to the engineering 
field it is necessary for the teacher to 


point out to the student the desired goal | 
whether th 


and every time the student wanders of 
his course to remind him of the goal and 
bring him back to the path leading there. 
This will show the student why his efforts 
are necessary and the objective to whieh 
they lead. 

The student has to be made to reali 
first that he needs the fundamentals. At 
tually, he gets them in his physics aml 
chemistry courses. The writer hi 
realized this, not when taking physics, nt 
even after graduation, but when, in lis 
first teaching assignment, he was calle 


upon to teach engineering physics. Thi | 
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study opened his eyes, and he has since 
spent much time to help his students 
understand this. 

Then, to be able to work with the 
fundamentals properly, certain tools are 
needed which are normally classified under 
the heading of “Mathematics.” 

The realization of the above will then 
show the student what his instructors are 
trying to do, and he will see how most 
of his courses during his first two years 
fit into this pattern. 

Since knowledge is of little use to the 
person who has attained it if he cannot 
tell others about it, a certain amount of 
training in composition as well as in 
speech is desirable if not essential. 

While the student is laboring with new 
concepts and definitions without apparent 
use for them, he has to be reminded that 
most of his time during the second half of 
his college career will be spent in learning 
the many things he can do with these 
fundamentals, and how the different fields 
are controlled by them. ‘Here the range 
of application of each fundamental con- 
cept should be pointed out, giving each 
course a definite place in the total picture, 
rather than having a number of disjointed 
and disconnected courses. The similarity 
of courses with respect to their funda- 
mental concepts is far greater than most 
students and many teachers realize. This 
similarity should be pointed out at every 
opportunity. For example, the student 
should be made to realize that he uses the 
same law of conservation of energy 
whether they call it Bernoulli’s equation 
in hydraulics, the general energy equa- 
tion in thermodynamics, or the energy 
method in dynamics. The same differen- 
tial equation will solve problems in vibra- 
tion, electrical circuits and heat transfer. 
As much as engineering students work 


-| with air as a medium, most of them are 


afraid to tackle mixtures of gases, com- 
bustion products, and saturated gases. 
It usually makes them feel much better 
when reminded that they have worked 
with air, and actual gas mixture, without 


_ undue difficulty for some time. Similar- 
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ities of this kind within a course and 
between courses should always be pointed 
out. 

Through further contact with research, 
as well as practice, the student’s under- 
standing and appreciation of these funda- 
mentals will constantly grow, and his 
fields of application widen. 


The Importance of Research 


Up to the last year of the student’s 
career, he has been guided by his teachers 
in and out of the class room and has been 
shown many things he can do with the 
fundamentals he learned earlier. His 
curiosity has probably given him some 
cause to wonder what and how much he 
could do on his own or with a minimum 
of guidance. Formal course work can 
never answer these questions, and, unless 
the student is given the opportunity to 
prove to himself that he can do things 
on his own, he will most likely take his 
first job not knowing his capabilities and 
afraid to try himself for fear of losing his 
job. He then leads a not-too-happy exist- 
ence doing what he is told with little 
chance for further development. 

Therefore in one informal course (and 
it is called “course” only for want of a 
better word) a certain project should be 
chosen by the student and the teacher, 
and then the student should be allowed to 
explore and develop it with only a min- 
imum of guidance. The project should 
be defined in general terms only, so that 
he then can display his own ingenuity and 
approach, using the fundamentals which 
he has learned and has been shown how 
to use. This special project also demon- 
strates to the student the difficulty of ob- 
taining accurate measurements; for in- 
stance, the temperature of a surface, a 
quantity which he may use many times in 
his course work. The student also gets 
the opportunity to apply accepted meth- 
ods to his particular problem, and he will 
learn to appreciate difficulties actually en- 
countered in the engineering field. 

Many students have told the writer that 
they have learned more from one of 
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these projects than in many courses com- 
bined. For the first time they had to 
draw on all their background instead of 
on one chapter of a specific book as 
they did in working the problems at the 
end of it. 

The teacher who engages in research 
will also be able to give the students some- 
thing above and beyond the printed page 
in the book. He can explain and actually 
show the students difficulties encountered 
in particular problems and can give them 
information not yet available in pub- 
lished form. 


The Contact with Practice 


In many eases due to lack of under- 
standing between the teachers of engi- 
neering and the professional engineers, 
theory is arbitrarily set aside from prac- 
tice. This is indeed unfortunate, since 
practice would be lost without theory, and 
theory would have nothing to stand on 
without verification through practice. 

If the engineering teacher is unable to 
leave teaching for any extended period to’ 
enter industry, he still has ample time and 
opportunity during the summer and espe- 
cially through consulting to combine the- 
ory with practice. Whenever students 
come to him for something practical to 
learn, he can ask them questions which 
actually came up in his consulting work, 
and which they can answer with the the- 
ory learned thus far. After such ex- 
amples, the question of theory versus 
practice does not come up again. 

It is very helpful to give letters which 
are received from industry to the student, 
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asking him to answer them before the ip.) 


structor answers them himself. On yy. 
merous occasions, when agreeable yith 
the companies, students can be taken ¢ 
consulting trips and while in the bag. 
ground, can see how the theory whid 
they learned in school can be and is ap. 
plied in actual practice. 


The Final Product 


Thus, again summarizing the prow.! 


dures recommended here, it seems of tt 
most importance to let the student of 
engineering know what the college hi 
planned for him and why. The teacher 
has to point out to the student that first 


he learns the fundamentals and the took 
to manipulate them. He is also bein) 


trained better to convey his knowledge ty 
others. Then he is shown what he ca 
do with these fundamentals in different 


fields of engineering, (always stressing! 
the similarity rather than the differences), — 
Then, before graduating, during his las | 


year he should be urged to apply his in- 
genuity and resourcefulness to a project 
of his own with only a minimum of 
guidance. 
should be asked to answer actual ques 
tions which came up in engineering pra- 


tice, and, if possible, he should have the} 
opportunity to see how practical prob | 


lems are handled on the consulting basis 
On the day of graduation the student 
will know what his college tried to do for 


him, how well it succeeded, what his per | 


sonal limitations are, and what is expectel 
of him in the future as a profession 
engineer. 


To complete his training he} 
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Polytechnical Instruction in Soviet Secondary 
Schools of General Education 


By STANISLAW KOWNACKI* 
New Rochelle, N. Y. 


Concurrently with their drive for an 
ever increasing number of graduates 
from science and engineering colleges, 
Soviet planners recently turned their at- 
tention to secondary and elementary 
schools. Polytechnical Instruction is the 
term used to describe the new approach 
to education at all levels. It involves the 
introduction of some sort of practical 
technical training at all the stages of 
education, from grade school up to col- 
lege. Like everything else in Soviet 
Russia, this move has a motivation both 
in Marxist philosophy and in the practi- 
eal plans for the industrialization of the 
country. 


From Lenin to the Nineteenth 
Party Congress 


The principles of polytechnical instruc- 
tion which “does not require teaching 
everything, but requires teaching the ele- 
ments of modern industry in general” 
were first formulated by Lenin in 1920. 
He recommended the introduction of 
some limited form of polytechnical in- 
struction even at that early stage of the 
development of the society which he con- 
sidered not yet sufficiently mature for a 
full seale educational reform. 

The aims and means of polytechnical 


*The following paper is a condensed 
version of a study prepared for the Center 
for International Studies at the Massa- 
chusetts Institute of Technology when the 
author was a Research Associate there in 
the summer of 1954. Facts and opinions 
expressed in the article are the individual 
responsibility of the author. 
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instruction were further outlined in the 
directive of the Central Committee of 
the All-Union Communist Party dated 
September 5, 1931, which described it as 
the education “of universally developed 
builders of socialism, able to combine 
theory with practice and to master tech- 
nology.” This was to be achieved 
through general rather than specialized 
technical instruction, supplementing 
rather than replacing existing secondary 
school curricula. The directive further 
states that: “Any attempt to separate the 
polytechnization of schools from the 
systematic and solid acquisition of learn- 
ing—physies, chemistry and mathematics 
in particular—the teaching of which must 
be based on rigorous and detailed pro- 
grams, plans, and conducted according 
to the strictest schedules, represents a 
gross distortion of the idea of a poly- 
technic school.” 

Since 1931 articles of polytechnical in- 
struction appeared from time to time in 
professional journals, but the idea was 
not introduced in practice. In October 
1952, however, the Nineteenth Party 
Congress issued a directive for the “im- 
mediate application of elements of poly- 
technical instruction with only slight 
changes in the program, the textbooks, 
and the method of presentation” in all 
the secondary schools in the country. 
This measure was to coincide with the 
gradual transition to universal education 
on the secondary (high school) level first 
in large towns and industrial centers 
(1951-1955), and then in the rest of the 
Soviet Union (1956-1960). 


| 
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The directive of the Nineteenth Party 
Congress was first implemented during 
the academic year 1953/54, after a 
propaganda campaign using press and 
broadcasting media to popularize the 
principles of the reform. These may 
be summarized as follows: 


a) Publishing of special textbooks with 
a “polytechnical approach” ; 

b) Design and construction of special 
equipment for schoolrooms (kabiniety) 
and laboratories; 

c) Production of numerous training 
films of polytechnical nature; 

d) Publication of articles on the 
method of teaching industrial processes 
to the students; 

e) Establishment of special training 
programs to prepare teachers for poly- 
technical training. 


The Actual Meaning of Polytechnical 
Instruction 


Let us now consider the meaning of 
polytechnical instruction and its effect 
on normal functioning of the Soviet 
schools. 

Perhaps the best summary of rather 
lengthy descriptions of the reform ap- 
pearing in the Party directives and pub- 
lications of the Soviet Academy of Peda- 
gogical Sciences is provided by a sec- 
ondary school periodical “Mathematics 
in Schools,” where polytechnical instruc- 
tion is defined in the following manner: 
“Education familiarizing (the students) 
in theory and in practice with all the 
main branches of productive activities 
(proizvodstva).” Its main purpose is to 
“give an industrial worker education en- 
abling him to understand the over-all 
picture of the branch of industry he is 
working in, and to give him enough 
general culture (kultura) to be suffi- 
ciently versatile for a rapid transfer 
to a different branch.” 

Polytechnical instruction in its ele- 
mentary form is to begin as early as 
possible, suggest Soviet planners. Pro- 


duction of basic commodities of life, 
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principles of farming, application of mg. 
chinery, and the principles of comm. 
cation can be outlined in simple storie 
adjusted to the intelligence levels of small 


children attending lower grades of ek. | 


mentary schools. This informatio 
should be supplemented with practic| 
knowledge acquired through excursion 


into the neighboring plants, mills, an | 


agricultural establishments. 


As the children grow and mature to. : 


wards the end of their secondary school 


studies, the load of polytechnical instru. | 
tion increases, in particular with the in | 
troduction of more advanced sciences: | 
chemistry, ani | 
algebra and trigonometry in mathematics, | 
in which the new kind of knowledge is | 
to be constantly applied. A threefold | 
objective is to be attained by the Soviet | 
secondary schools in connection with the 


biology, physics, and 


implementation of the program: 


a) The level of basic theoretical know b 


edge is to be maintained and even raised; 

b) The new kind of knowledge 
(znaniye) of the basic principles of in- 
dustrial and agricultural production is 


to be acquired through the extended 


“polytechnical” curriculum; 

c) New abilities (wmieniya) and skills 
(navyki) are to be developed by the 
pupils. 


According to the Academy of Peds 
gogical Sciences, the following elements 


of polytechnical instruction are to be | 


incorporated in the courses of physics, 
mathematics, and chemistry in the senior 
grades of secondary schools: 


Physics 


Knowledge of important applications 
of physies in technology; principles o 
mechanical processes (machining) 4p- 
plied to metals; simple machines; basic 
principles of construction and operatio 
of sources of mechanical energy ; scientific 
principles of the electrification of the 
country; principles of “automation” and 
radio communication;  transportatiou 
technique (principles of construction of 
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a steam locomotive, electric locomotive, 
motor car, tractor, steamship, airplane). 

Abilities and Skills. Mastering meas- 
urement techniques: determination of 
weight, specific gravity, pressure, ve- 
locity, mechanical efficiency, temperature, 
quantity of heat, voltage and current 
intensity, brightness and _ illumination, 
ete; mastering some manual skills; me- 
chanical assembly work, electricity and 
radio modelling. 


Mathematics 


Knowledge of more important regions 
of application of mathematics in tech- 
nology and production; coordinates; ele- 
mentary functions; parallel projections 
as a basis for technical drawings; metri- 
cal relationships in elementary geometri- 
cal figures; derivative as rate of change 
of a process. 

Abilities and Skills. Skillful mental 
and written computations; ability to ap- 
proximate figures and to predict approxi- 
mate results of operations; ability to 
use tables and references, abacus, log- 
arithmie slide rule; ability to read a 
formula and to understand the way the 
magnitude it expresses varies when the 
components vary in a _ predetermined 
manner; ability to translate rapidly 
points into co-ordinates and vice versa; 
ability to use square-ruled paper; abil- 
ity to make use of measuring instru- 
ments: the ruler, the tape, the measur- 
ing chain, the compass, the calipers, the 
set-squares, ete.; ability to take meas- 
urements in the terrain and to perform 
required computations, to caleulate areas 
and volumes, to determine real sizes of 
plots from a plan of a given scale, to 
break up a plot into required fractions; 
ability to execute leveling, to draw dia- 
grams; skills in analysis and synthesis 
of solid bodies; ability to set up and 
solve equations appropriate to technical 
and economic problems; ability to bal- 
ance the ecredit-debit record sheet, to 
make an estimate, to keep financial ree- 
ords, books, ete. 


Chemistry 


Knowledge of the essentials and basic 
principles of production and application 
of substances in chemical industry; 
knowledge of more important branches 
of chemical industry; the types of raw 
materials, fuels, chemical fertilizers; 
typical facilities and supplies of a chemi- 
cal enterprize. 

Abilities and Skills. Handling ves- 
sels, instruments, reactors, electric ap- 
pliances; recognizing substances im- 
portant in practice and determining their 
composition; separation and purification 
of substances; selection of reagents in 
order to obtain a required substance; 
preparation of solutions and determina- 
tion of their concentration; realizing 
chemical reactions in laboratory condi- 
tions. 


The Magnitude of the Reform 


The magnitude of the task seems to 
be well understood by the Soviet plan- 
ners. The program is not to be intro- 
duced instantly in its full extent. A 
limited number of schools is to be af- 
fected by it during the current Five- 
Year Plan (1951-1955), and the re- 
mainder is to follow by 1960. In the 
meantime pressure is put on all con- 
cerned, teachers in particular, in order 
that the “norm” be “fulfilled,” or better 
still, “overfulfilled.”’ True, the teachers 
get considerable help of both quanti- 
tative and qualitative nature from the 
authorities. The directive of the Nine- 
teenth Party Congress provides for an 
increase in the number of acceptances 
into Pedagogical Institutes (Russian 
Teachers’ Colleges) of 45 per cent during 
the period 1951-55 over that of 1946-50, 
and considerable help is given to the 
teachers available at present in the form 
of the very detailed instructions, direc- 
tives and recommendations from the au- 
thorities, as well as in the form of in- 
structive articles appearing frequently 
in the specialized school periodicals 
which in the Soviet Union are of ex- 
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cellent quality and have a very large 
circulation. 

Yet a teacher’s lot is not an enviable 
one. Many teachers are considerably 
overworked—working two or even three 
shifts a day on a permanent basis; many 
of them are insufficiently qualified for 
the jobs to which they are assigned 
(elementary school teachers lecturing in 
secondary schools, ete.), in which case 
they are compelled to complete their 
formal education through evening or cor- 
respondence courses. Now a new burden 
is added: they have to acquire new skills 
necessary to teach polytechnical subjects, 
and supervise additional school activities 
of polytechnical nature, such as students’ 
work in technical and scientific societies, 
excursions to industrial enterprizes, ete. 
Here are some guiding principles which, 
according to the directives of the Acad- 
emy of Pedagogical Sciences, must be 
understood and complied with by all the 
teachers in connection with the reform: 


1) The necessity of understanding the 
regular program in conjunction with 


polytechnical material; polytechnical 
material must not obscure basic knowl- 
edge; 


2) Understanding the ideological value 
of polytechnical material added to the 
curriculum ; 

3) The use of polytechnical material 
so as to clarify material of general 
courses ; 

4) The necessity of using local facili- 
ties; 

5) The necessity of using only that 
material which can be understood by the 
students. 


There exists at the present moment a 
very considerable shortage of school 
buildings and supplies in the Soviet 
Union, and the additional requirements 
of the polytechnical program make that 
shortage even more acute. The directive 


of the Nineteenth Party Congress stipu- 
lates an increase in the construction rate 
of school buildings of 70 per cent in 
1951-55 with respect to the preceding 
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period, and there are vast plans fo 
providing adequate school supplies. 
the mean time, however, teachers ap 
expected to show initiative in improvis. 
ing as much as possible in the way of 
obtaining equipment from the log| 
sources and furnishing the school work. 
rooms. 

There is an interesting institution in | 
the Soviet Union, peculiar to their sy. 
tem, known under the name of “patron. | 
age” (shefstvo). Almost every organi. 
zational unit has its “patron” institution 
whose purpose is to provide some kini | 
of overseeing of the activities of the 
“ward” unit, ranging from political eon | 
trol to providing material help. In the | 
ease of schools, local industrial enter. 
prises are nominated to be their “pa — 
tron” organizations, and in many in | 
stances they seem to be the only sources 
supplying the equipment required for | 
polytechnization. 

It is interesting to note that the im 
provization goes often as far as a, 


, pecting students to provide their ow, 


equipment for the laboratory experi | 
ments or furnishing the workrooms. No | 
mention is made, however, of the source 
from which the equipment is to come in 
such cases. 

Some help is provided by Polytechni- ) 
cal Museums, or Polytechnical Sections 
in museums of general nature, very 
numerous in the Soviet Union. It i 
difficult to see, however, how they can 
help much since their equipment is ust- 
ally in short supply also. 

As with everything else in the Lani 
of the Soviets, this educational reform 
must follow the line of Marxist phi- 
losophy by being revolutionary in its 
nature. Its constructive part is to bk 
inseparable from or even preceded by the 
“liquidation” of an old and alien ideo | 


ogy, represented in this case by “formal | 


ism,” meaning any abstract ideas iD 
teaching. 
A permanent vigil in the fight agains ( 


“formalism” is being constantly advw | 
eated, which in practice amounts to tt | 
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moving from the programs and from the 
text-books all the problems that have 
no direct and obvious connection with 
the requirements of economy or tech- 
nology. Every theoretical part of the 
course is to be immediately illustrated 
with real, practical examples, always 
stressing requirements of Soviet industry 
and agriculture and the part played in 


sian) scientists and inventors. 


The Difficulties and the Possibilities 


Such are the official policy and the 
objectives; such is the wishful thinking 
of the planners. The effects, assuming 
that the program is eventually fully 
carried out, may reach a scale unprece- 
dented in the history of education. Is 
it possible to realize it? Is it not too 
big and too difficult for the limited 
capabilities of human nature which can 
withstand the stress and the strain only 
up to a certain limit of endurance? 
These are the questions: which we shall 
now attempt to answer. 

There are many and serious difficul- 
ties, no doubt. Shortage of teachers; 
their insufficient qualifications, made 
more serious by the requirements of the 
new program; additional effort required 
of them for numerous extracurricular 
and out-of-school activities; more factual 
material required of the students to 
memorize; lack of additional equipment 
and accommodation for its use. 

At first glance the difficulties appear 
unsurmountable, and one is tempted to 
conclude that the program is bound to 
be a complete or at least a partial 
failure. One is certainly tempted to 
draw this conclusion on the basis of 
observing an educational system ap- 
propriate to a Western community. 
When, however, one considers Soviet 
schools, their conditions of work and 
other characteristic features peculiar to 
their environment, the conclusion be- 
comes less obvious and one hesitates to 
pronounce the final judgment. There 
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exist several reasons for which we think 
the reform is more likely to succeed in 
a totalitarian state than in a Western 
democracy. 


1) We believe that there is high pres- 
sure put on both teachers and pupils 
in connection with the reform: success- 
ful ones are rewarded, and the failures 
castigated in the familiar fashion. 
There are many ways in which this can 
be done in a totalitarian state. 

2) Both teachers and pupils are ac- 
customed to hard work through long 
hours, and they know that it is normal 
for their output to be expected to in- 
crease permanently. 

3) There is a considerable attractive- 
ness in the program, especially to the 
young people growing in the atmosphere 
of hero-worship surrounding an indus- 
trial worker, an engineer, and now a 
scientist. All papers, periodicals, and 
radio are full of it, and it is no wonder 
that youngsters believe that inventing 
new methods of high speed metal cut- 
ting or of more efficient excavating are 
deeds of the highest moral and spir- 
itual value. 


In addition to this it appears that 
Soviet planners are more reasonable in 
carrying out the reform than they were, 
for example, in the ease of collectiviza- 
tion of farms, which produced such 
catastrophic results. The educational 
reform is to be implemented gradually 
and over a considerable period of time, 
thus reducing the possibility of its be- 
ing a failure, especially since no violence 
will be necessary in this case. 

We conclude, therefore, that in spite 
of all the difficulties, we are inclined to 
believe that the Soviet Union is on the 
path of achieving a complete politechni- 
zation of secondary schools. It will make 
very slow progress since the difficulties 
are many and the obstacles hard to 
overcome, but if the policy remains un- 
changed for some time to come, and if 
the objective is pursued with the same 
vigor and enterprise with which it was 
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begun, the polytechnization of secondary 
schools will prove to be the most revolu- 
tionary and by far the most successful 
contribution in converting the Soviet 
Union into the leading industrial state, 
and the final goal set up by its leaders 
“to overtake and to pass” (dognat’ i 
pieriegnat’) the West apparently will 
have been achieved. 


Final Implications and Conclusions 


And now the question arises as to 
whether this reform is the right path 
for the development of any modern so- 
ciety, and is it to be followed by all 
those who do not want to be left be- 
hind? 

Three distinct aspects can be discerned 
in the complexity of the picture: first, 
a short range objective of building a 
highly industrialized society and state; 
second, an attempt to create a universally 
developed man, combining theoretical 
knowledge with practical skills; and 
third, achieving this through a perfect 
balance between theory and practice in 
the field of education, expressed so elo- 
quently in the exposition of “formal- 
ism” and in the necessity to fight against 
it. 

There seems to be no doubt that to 
the first objective, a rapid industrializa- 
tion of the country, polytechnical in- 
struction is a positive contribution. The 
fact is being recognized outside of the 
U.S.S.R., and when one studies direc- 
tives and recommendations of various 
Boards of Education in the United 
States, one finds references to “elements 
of polytechnization” often outdoing 
those appearing in the Soviet literature. 
Polytechnization is, at least for the time 
being, of a greater urgency in Russia, 
since it is one of the very helpful 
factors in filling the still existing gap 
between the laborer and the engineer 
which, in most Western countries with 
an older industrial tradition, has never 
existed. 

The second objective inherent in the 


idea of polytechnization is the creatiq, 
of a man of “universal culture” neces. 
sary, according to the prophets ¢ 
Marxism and Leninism, for the develo. 
ment of a truly communist society. Yj; 
would be inclined to agree, perhaps, thi 
a nation composed of Leonardo da Vines 
is an advantage with respect to the on 
composed of average men. The questim 
arises, however, whether it is possible 
even to approach such an ideal, aj 
whether it would suit the majority ¢ 
the persons concerned? 

There is a school of thought accori- 
ing to which maximum output is obtainel 
from any undertaking if the objectin 
of it is set at an unattainable level 
From this point of view asking tw 
much of an average Soviet citizen dos 
make sense. If he is compelled to strive 
to become a manifold genius, he may 
eventually attain a higher level of pro 
fessional development than he  wouli 


have done without this special induc. | 


ment, thus becoming a more valuabk 
asset to the state. On the other hands 
vast majority of people have no such 
far-reaching ambitions, and it is doubt 
ful whether they would display too mud 
enthusiasm in collaborating with the idea, 
Furthermore, at the present stage of de 


velopment of industry and argicultur | 
and the associated division of labor, there | 
are still many jobs requiring people with | 
limited ambitions and capabilities. Here ) 
Leonardo da Vincis would be out of | 
place and would become an additional » 
problem. Of course, with further prog- | 


ress in different fields the situation wil 
change, but until this happens the aims 
of polytechnical instruction with regarl 
to creating universally developed met- 


bers of society may be considered pr- 


mature. 

Third and last: the basis of poly: 
technical instruction is to be a_ perfect 
balanee, a perfect harmony _ between 
theory and practice. No theory detachel 
from practical application is to be enter- 
tained, no abstract, “formalistic” ideas 
are to be tolerated, 
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At first glance this seems to be a very 
reasonable scheme, especially in Russia 
and for the Russians who were famous in 
the pre-Leninist era for their out-of-this- 
world ideas. These are now to make 
room for practical plans leading towards 
real and definite objectives. 

When it comes to expanding highway 
or canal systems, designing new types of 
computing machines, or even developing 
multi-dimensional geometries for specific 
purposes, the scheme will work beauti- 
fully and efficiently. But for how long 
will it last? How long will it be before 
the existing patterns of scientific think- 
ing are exhausted and the progress is 
slowed down or stopped? Is it possible 
to kill “formalism’—the abstract, the 
detached thinking—without killing prog- 
ress itself so often emanating from this 
kind of thought? 

It is our contention that in the long 
run the abstract is just as necessary as 
the immediate reality. And not only 
for its own sake, but for the sake of 
that very reality of which it appears to 
be a most striking contradiction. After 
all, where would the electrical or aero- 
nautical engineering sciences be today if 
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Cauchy had been forbidden to develop 
his functions of complex variable, based 
on the concept of imaginary numbers, 
the very name of which implies things 
alien to practicability? Where would 
modern technology be today without in- 
ventions of Faraday, “as useless as a 
newborn baby,” or theorems of Taylor 
unrecognized even by his fellow-mathe- 
maticians for a long time? And where 
would we be without “formalism” of 
Euler or Lobachevsky, who is now treated 
as if he were a “Hero of the Soviet 
Union”—a century after his death—in 
spite of his most abstract ideas, cer- 
tainly deviating from the straight and 
narrow path of Marxist realism? 

So it appears to us that a free enquiry 
of inquisitive minds, unrestrained and 
unrestricted, can never be replaced by 
any planned development no matter how 
perfect. Let us not be ashamed to look 
for answers to any question, no matter 
how useless or absurd it may seem. 
With this we may reasonably hope to 
remain in the future, just as we have 
been in the past, ahead of the others, 
without fear of being permanently 
passed or overtaken. 
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On Teaching Creative Engineering” 
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By C.D. FULTON fo. 4 


Assistant Professor of Mechanical Engineering, Duke University, ») URL 
Durham, North Carolina 


‘¢The only proper study of mankind is man’’ 


It is highly anomalous that American 
engineering educators have done so much 
to discourage ingenuity in young men 
striving to be Ingenious Ones. We have 
tried to make machines of our students 
and to convince them that thinking is not 
good engineering. We have taught them 
to seek every answer in books and rules, 
to distrust their own minds for any pur- 
pose except mechanical sorting, and to be 
ashamed of an idea that they could not 
document. Fortunately, we have not suc- 


ceeded; our graduates have adapted 


themselves to the very different real 
world of practice and have put their 
imaginations to work as their Creator 
intended. 

How did we fall into this dismal 
error? Some say that out of sheer lazi- 
ness we took the easy and secure way to 
teach, but they overlook the fact that 
sincere and ambitious teachers were 
equally dedicated to that way. No, we 
believed in it. Perhaps we inherited it 
from the old grammarians who thought 
to make poets through spelling and 
punctuation. Perhaps we caught it from 
the scientists. We may have invented 
it ourselves. In the final analysis, how- 
ever, we believed in it because we came 
to worship sacred-cow science. Our 
dream of perfect engineering was a digi- 

* Presented at a joint meeting of the 
Educational Methods and Mechanical En- 
gineering Divisions at the 62nd Annual 


Meeting of the American Society for Engi- 
secre Education at Urbana, Tilinois, June 
195 


—Pope 


tal computer, a shipload of punched 
tapes, and no human beings to spoil the 
results. 

The physicists had the same trouble 
In the twenties, they began to believe 
that the universe could be reduced to 
protons and electrons hooked up by Ein- 
stein’s equations. The answer to any- 
thing was supposed to be in the formulas 
if one took long enough to grind it ont 
according to the rules. But today, a 
chastened physics profession is valiantly 
trying to recapture the many strange 
creatures that have flown out of its 
Pandora’s box, and they suspect that 
even if they manage to clamp the lid 
shut, it will pop open on another day. 

The sacred cow is dead and its reeking 
eareass should be hauled out of the en- 
gineering classroom. 


Progress in Engineering Education 


We are in the midst of genuine for- 
ward steps in engineering education. 
Perhaps they began with the Wickende 
report with its call for a cessation of 
divisions of curricula and its insistence 
upon lifelong education. Next came 
the strengthening of the humanities it 
the curriculum and then World War I 
with its countless stimuli. Today ther 
are more signs of progress: the rise d 
engineering research; new evaluation 
studies by this Society, with their cal 
for emphasis on the engineering sciences; 
new studies and the beginnings of it/ 
struction and writings on the art of @& 
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gineering teaching; and now the return 
of creativity from exile. 

The engineering sciences which we are 
now ¢alled upon to emphasize must not 
be like the old:scared-cow sciences. They 
must be dynamic. We must teach them 
as flexible tools which an engineer can 
employ when they are useful, not as 
millstones about his neck. The engineer 
must be educated for change not im- 
pressed from without but springing from 
within himself. 

Creative engineering is being rescued 
from the pedagogical dungeon by pres- 
sures from all sides even including en- 
gineering sales. The degree to which this 
emancipation has already progressed is 
indicated by the reversal in our attitude 
toward Edison who, twenty years ago, 
was generally regarded with a mixture of 
envy and suspicion but today is being 
recognized as one of the greatest of our 
profession. But creative engineering is 
still going to have a difficult time mak- 
ing its way into our classrooms because 
we are so steeped in our set-rule meth- 
ods that we shall not only be reluctant 
to give up their comfortable ways but 
find it hard to develop new ones for lack 
of knowledge. There is virtually no 
documentation on creative engineering 
and it is enmeshed in psychology. As a 
result we shall find ourselves trying to 
catch a ball in the sun with a glove that 
we don’t know how to use. It may well 
take us a generation to learn how to 
teach creative engineering. 

In spite of these difficulties, if we will 
maintain the progressive pace now evi- 
dent in engineering education, we may 
yet reach the point where we can begin 
to lead the profession instead of follow- 
ing two decades behind it. Perhaps we 
shall also learn how to teach engineering 
with an efficiency of 15 per cent instead 
of 10 per cent. 


Convention and Creativity 


A study could be made of the opera- 
tions of engineering—such acts as set- 
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ting up an equation, fitting parts to- 
gether in a sketch, predicting whether 
a quantity increases or decreases, or de- 
ducing the mechanism of a process. 
While there are surely many possible 
ways of categorizing the operations, it 
will be sufficient for present purposes to 
recognize only two categories, the conven- 
tional and the creative. In another age 
these terms might not make sense. 

Conventional engineering, which we 
have been teaching, is a network of 
formulas, data, rules, and static science 
bound into a firm discipline. It demands 
rationality, order, repetition, patience, 
caution, thoroughness, and scholarship. 
The more one adheres to a predetermined 
step-by-step process, the better conven- 
tional engineering does he do and the 
more inevitable is the result. This kind 
of engineering is a machine-like process 
and machines are beginning to be em- 
ployed to do some of it. It is indeed 
a considerable part of engineering and 
we have done a good job of teaching it. 

Creative engineering, on the other 
hand, operates on emotion, imagination, 
chance, boldness, rebellion, abandon, 
flight of fancy, and every other quality 
which distinguishes the live human be- 
ing from the inanimate machine. What 
we mean by creative engineering is sug- 
gested by naming a few of its great 
practitioners: Watt, Faraday, Kelvin, 
Otto, Diesel, Edison, the Wright Broth- 
ers, Marconi, Ford, de Forest, Whittle, 
and Shockley. 

The creative act is one of the least 
understood of human adventures. For 
that reason we look with awe upon it; 
we feel an elation; it seems that a 
divine spark strikes within us and for a 
moment we transcend ordinary existence. 
Even if we had to proceed with no more 
knowledge of the creative act than we 
have now, however, we could do a far 
better job of teaching creative engineer- 
ing than we have done. 

But it would be the ultimate pessimism 
to believe that creative thinking must be 
forever unknowable, for history abounds 
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with examples of how light has been cast 
on mysterious phenomena when they have 
been studied conscientiously. If we will 
devote ourselves to the task, we shall 
surely be able to strip away some of the 
mystery of the creative process and 
thereby increase our power over it. It 
is certainly not the mere play of chance; 
it must be the end result of a series of 
experiences, stimuli, and mental proc- 
esses which can be identified and ana- 
lyzed, and then effectively cultivated. In 
this research we shall have to depend 
heavily upon the psychologists. Let no 
one fear that the dignity of the human 
spirit will be diminished: as we learn 
more about the human being, our awe 
inereases with our power. 

Enlightenment of this kind will give 
us tools for teaching creative engineer- 
ing in a straightforward manner. In- 
stead of providing suitable soil and sim- 
ply hoping that plants will spring up 
in it, we shall be able to sow the seed 
and cultivate the plants. Inasmuch as 
we needed this information yesterday, 
we had better get started. 


The Hats 


If creative thinking were for the few, 
this discussion might end here. It is 
true that some engineers are born with 
more creative ability than others and 
that some engineering operations require 
more creativity than others, but the plain 
fact is that every engineer—researcher, 
designer, tester, manager, salesman, and 
all—faces situations demanding creative 
thought in every move he makes. He 
must conceive a series of little inven- 
tions of scope, interpretation, assump- 
tion, emphasis, choice, procedure, and 
evaluation. The warp of these inventions 
combined with the woof of conventional 
knowledge makes the cloth of engineer- 
ing. 

Or we might draw another analogy. 
Conventional engineering is a thin net- 
work of roads across the world of engi- 
neering. The roads are sometimes very 
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good like Newton’s laws, and someting 
they are merely trails like conveeti; 
heat transfer. As long as one stays 
the roads, he only goes where someon: 
else has gone although he may improp 
the roads. To go anywhere else he my 
hike off into the wilderness without sign 
or comforts. Sometimes great discover. 
ies lie a short distance from the roads: 
sometimes an exhausting exploration pn. 
duces nothing. 

Engineering is a succession of conver. 
tional and creative operations and th 
engineer must be able to change bad 
and forth from the conventional to th 
creative hats as he moves through th 
various stages of a problem. The degre 
to which one of the hats sticks on hi 
head when it should come off is a pretty 


good measure of what mistakes in judg.) 
ment he will make, while the rapidity) 


with which he can change hats is a fair 
measure of his speed and _ versatility. 
There are men who cannot take ther 


own analytical results and apply then. 
sensibly to the physical situation at hand. : 
The conventional hat is stuck on their) 
There are also men who, whil) 


heads. 
excellent experimentalists, cannot inte 


grate their work into the stream of! 


knowledge. The creative hat is stuck o 
their heads. 
I experienced a costly example of the 


stuck conventional hat when working » 


a refrigerator for ultra low temper; 


tures in 1949. By making calculations 


based on extrapolated data, I proved that { 


a certain part should be 1% ineh i 
diameter. A year and many exhausting 


experiments later, that part was stil” 
conducting 500 times too much heat anl| 
I ended the project discouraged, having) 


tried one scheme after another to cut) 
All that 


the trouble. Still another year later, ! 


was mulling over the mystery for thes” 


time when it dawned on me that if tlt 
part was conducting 500 times too mud 


heat, what I ought to have done we} 


forget calculations, theory, and all ail 


make it 500 times ‘smaller. Sure enough | 
a few months later came new measult| 


ments f1 
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ments from England showing that the 
heat conductivity of solid helium at 4% 
degree Kelvin is 500 times greater than 
had been supposed in 1949. How easy 
it would have been to save my project 
and beat the Englishmen to the draw 
if I had only taken off the conventional 
hat and put on the creative one at the 
right time! 

If all this is so, we ought to teach 
it systematically in the classroom. We 
ought not to pretend that the conven- 
tional hat is the respectable one and that 
the creative hat shows up a fellow as a 
scientifie tramp. Nor should we pretend 
that we are wearing the conventional hat 
all the time when we are actually switch- 
ing hats. Fortunately, students tend to 
do as we do more than as we say do, 
but if we will both do and say the same 
thing, will it not produce better results? 

Another weakness of our old methods 
is that most of our classroom problems 
are artificially contrived with half the 
creative thinking already done. How 
poorly our students do when confronted 
with an entire machine interacting with 
its environment and asked to find the 
problem, identify the important para- 
meters, reduce the situation to its es- 
sentials, and get a theory! How poorly 
they integrate the pills of knowledge 
that we call courses! 

We should not only teach them how 
to change hats but also give them ma- 
terial calling for plenty of practice in 
that art. 


History, the Untapped Resource 


By largely ignoring its history, the en- 
gineering profession has passed up a 
rich source of inspiration and wisdom. 
All that most of us know is a few names 
and dates and a handful of anecdotes. 
We must learn our history. Then we 
must teach it. 

But lifeless history would be useless. 
To catalog inventions is an abominable 


_ Way to teach history but it has been tried 
measult | 


on oceasion. To list scientific discover- 
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ies and principles is abominable but that 
has been tried also. History can be 
magnificent if taught in terms of the 
flesh and blood human beings who made 
it—in terms of their hopes, fears, strug- 
gles, mistakes, and triumphs. We should 
teach it as an integral part of every 
course. 

To expound the First Law of Thermo- 
dynamics without telling about the Caloric 
Theory is a crime. To say that Diesel 
developed the most efficient of engines 
without telling how it would not even 
propel itself for three years is a crime. 
To discover the Wright Brothers at Kitty 
Hawk just when their contraption is 
ready to fly without telling how they 
had come to that great moment is a 
crime. To say that Midgley discovered 
tetraethyl lead to be a knock inhibitor 
without mentioning that he had _ first 
tried 600 other substances is a crime. 
Our whole scheme of presenting a fin- 
ished idea to our students as if it had 
sprung full blown from the head of 
Zeus is ineredibly bad. 

We ought to teach a natural law or 
engineering development as a prize of 
war captured by the human race in a 
struggle in which Newton or Ericsson or 
whoever it was was the victorious gen- 
eral. We should tell about the losing 
side—who they were, what they advo- 
eated, and why they lost. By teaching 
how we came to be where we are, we 
will teach how to extrapolate into the 
future. Such teaching will be a power- 
ful way to build creative engineering. 

History will bring other advantages 
beyond the scope of this paper but I 
eannot refrain from mentioning two of 
them. The first is that the historical 
method is by far the best way of teach- 
ing a difficult concept, like entropy for 
example. Since nobody ever taught me 
how Clausius actually invented entropy, 
I am using a little fable temporarily. 
I have no doubt that the actual story 
will be better than my fable, which be- 
gins, “Clausius was strolling down Unter 
den Linden one Sunday afternoon in 1847 
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when he said to himself, ‘Mein Gott, it 
giffs isotermal und isopiestic und iso- 
volumetric prozesses, but vot in Himmel 
iss konstant in ein reversible und adia- 
batische expansion?’ ” 

The second advantage is the enormous 
cultural benefit of integrating engineer- 
ing history into the minds of the engi- 
neering profession. It is partly because 
of our ignorance of history that we 
appear unlettered and unpolished to 
many people. It is there that we could 
find some of the continuity, cohesion, 
poise, judgment, and insight that we 
sorely lack. 

Unfortunately, this reform cannot be 
carried out in the near future because 
of the appalling vacuum in adequate 
historical works on engineering. Most 
of the existing ones are written by lay- 
men or for laymen and fail to convey 
the inside story of the scientific and 
intellectual experiences of the protagon- 
ists. Nor is there enough engineering 
history in the textbooks to fill a thimble. 
Source material is hard to find and, 
we have let many of our historical 
streams dry up. There is therefore the 
tremendous preliminary job of getting 
this material into useful form and dis- 
seminating it. This will require years 
of work by literate engineers well at- 
tuned to human passions and willing to 
do a lot of hard digging. Here is another 
piece of research that we needed yester- 
day. 


Creativity in Textbooks 


The general deficiencies now discern- 
ible in our textbooks cannot be laid to 
the authors. Textbooks are an organ 
which cannot progress faster than the 
educational animal; indeed, they lag 
behind because they must be built on 
pedagogical certainties. Publishers are 
conservative. So, unfortunately, are 
professors when they choose books for 
the next term. 

Whatever has been wrong with en- 
gineering teaching has therefore been 
even more wrong with the textbooks. 
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Most of them have been written entircy 


in the conventional engineering moi) 


and have catered to sacred-cow sciene | 


They have developed the student’s powe 
of digestion, not his power of findiny 


food. Principles have been laid dom} 
with Olympian assurance in defiance ¢ | 


experience which guarantees that within 
the lifetime of the student those prin. 
ciples will be greatly changed. Ther 
has been virtually no history: everything 
has sprung out of thin air. Creativity 
has starved to death. 

There are, however, some additionsl 
problems particularly relevant to tex. 
books. One of the reasons that man 
of them have been little more tha 
catalogs is the well known pressure ti 
include every development in the tech- 
nological field being written on. Th 
result is that the author who has triel 
to include even a representative sample 
has been painfully squeezed. He ha 
become frantic to meet the requirement 


of coverage and has had no room left. 
for such luxuries as history, exploratory 


discussion, philosophy, or self-discovery 
—in short, for creativity. Today, th 
luxuries begin to look more and mor 


like essentials, and coverage more ani) 
more like a luxury. The textbook of) 
the future will use applications only «| 
means of teaching basic science and not) 
In this way the| 


as ends in themselves. 
pressure to include this or that develop- 
ment will disappear; the real pressure 
will be to include the science and t 
present it in a creative manner. 


A more subtle problem is that mos 
textbooks have been tacit combination — 


of educational and reference works aud 
have consequently failed to be either 
The requirements of the two are ine0tl- 
patible. Is the student who is trying 


grasp the First Law of Thermodynamic 
enlightened by an array of assumptions 
special cases, and equations? No, bit) 
the engineer who is trying to find out hor | 
to write the centrifugal work term in the 
First Law for gas flowing through ! 
helicopter blade is not helped by dis- 


cussion | 
is ripe t 
for edu 
make rc 
our tecl 


to supp 
Creati 
spired 
ness of 
Literary 
in an él 
novel. 
Enlig] 
ting son 
Too mu 
for the 
future i 
perimen 
failures 
of prog 
extent 0 
professi 
they ap) 
publishe 
textbook 
would r 


In in 
we shall 
time. ] 
tier? § 
behind 
that wi 
No, let 
search ] 
of the 

If we 
X, perk 
polating 
enginee? 
applicat 
tion to 


Appli 
or 
Conve 


We a 
specific 
to the 


| 


entirely 


ng mod 


science 


powe 


f finding 


aid dom 


fiance 
at within 
ose prin. 
Ther 
verythng 


Creativity 


additional | 


to. text- 
lat many 


ore thar! 


essure to 
the tech- 
om. The 


has tried 


e sample 
He has 


juirement | 


room left 
ploratory 
discovery 


oday, the 
ind more | 


nore and 


thook of 

3 only as | 
and not | 
way the | 


develop- 


bination 


orks and 


e either. 


re incoll- 


trying to} 


dynamics 
imptions, 


No, but} 
1 out how | 


rm in the 
wrough 


by dis 


cussion of Joule’s experiments. The time 
is ripe to design educational works solely 
for educational purposes. This too will 
make room for creativity. Fortunately, 
our technology is becoming big enough 
to support two systems of books. 

Creativity also suffers from an unin- 
spired style of writing and from dull- 
ness of composition and arrangement. 
Literary artistry is just as much needed 
in an engineering textbook as it is in a 
novel. 

Enlightened authors are already put- 
ting some of these reforms into practice. 
Too much cannot be expected too soon, 
for the way to write the textbook of the 
future is certainly not yet known. Ex- 
periments will be necessary and some 
failures are bound to occur. The rate 
of progress will depend to a very great 
extent on how much support the teaching 
profession gives improved textbooks as 
they appear. Let it never be said by a 
publisher that he offered us the kind of 
textbook that we say we need and we 
would not use it. 


The Next Frontier 


In instituting all these improvements, 
we shall have our hands full for a long 
time. But what will be the next fron- 
tier? Shall we wait until we are again 
behind the times to begin the reforms 
that will be due a generation hence? 
No, let us move into a continuous re- 
search program that will keep us ahead 
of the profession as we ought to be. 

If we call the next unknown quantity 
X, perhaps we can derive it by extra- 
polating the change now in progress in 
engineering education—the change from 
applications to sciences or from conven- 
tion to creativity. Then we would write 


Applications: Seiences = Sciences: X 
or 

Convention: Creativity = Creativity: X 

We are ascending the scale from the 


specific to the general or from the effect 
to the cause. Then X, the next fron- 
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tier, must be a deeper understanding of 
the principles underlying all science and 
creativity. 

What will be the nature of this under- 
standing? Let us suppose for the sake 
of discussion that the rise of science 
during the past three centuries was 
caused by the advent of three new ideas 
which were added to the ancient idea 
of inductive reasoning. The first new 
idea was the overthrow of the hyper- 
Aristotelian doctrine that reasoning is 
more to be trusted than experiment, in 
favor of the counter-doctrine that ex- 
periment is indispensable. This meant 
that you ought to do a lot of tinkering 
and that if you saw a light stone and a 
heavy stone fall at the same rate you 
ought to leave off believing that they 
fall at different rates. 

The second idea was that you ought 
to measure everything and express it in 
numbers. This also meant that you ought 
to develop instruments. 

The third idea was the new mathe- 
matics crowned by the calculus. 

Assuming all this, we have a sort of 
recipe that says to put these four in- 
gredients into the human being and you 
will get the kind of science we have had. 
It is time to probe beneath this em- 
piricism. We know very little about the 
psychological reactions in the mixing 
bowl. We do not know how to vary the 
recipe to get other and perhaps better 
combinations. 

Or perhaps the next frontier will lie 
in a slightly different direction suggested 
by Percy Bridgman’s observations on the 
Paper and Pencil Operation.* He points 
out that in solving a certain type of 
problem we go through four steps in 
which we first explore and define the 
problem, then write down the laws that 
we need to solve it, then go into an 
opium fog where we turn the mathe- 
matical crank according to established 
rules (the Paper and Pencil Operation, 


*P. W. Bridgman, The Nature of 
Thermodynamics, Harvard University Press, 
1941, 
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divorced from physical reality), and fi- 
nally emerge with an answer which must 
be interpreted back into the physical 
world. Bridgman has thus done an op- 
erations research into a small part of 
science. Perhaps studies of this kind 
are what we shall need. 

The problem may be hazy but we must 
not be so shortsighted as to discount it. 
If the blacksmith of 1820 had said that 
there was no need to know more about 
the heat treating and alloying of steel, 
he would have been short-sighted. And 
if we artisans of engineering today say 
that the science of engineering thought 
and creation need not be explored, then 
we are short-sighted and we shall be left 
standing on the platform when the train 
pulls out. 

We shall have to pay more attention 
to the psychologists. Our present cool- 
ness toward them is attributable not so 
much to their difficulties, as we claim, 
as to our incomprehension of a field 
foreign to our way of thinking but in- 
creasingly impingent upon our needs. 

Whatever answer lies ahead, it will 
improve our teaching. Then we shall 
not have to teach nine, or fifteen, or 
thirty basic engineering sciences as sepa- 
rate disciplines, but we shall be able to 
teach a single discipline of which these 
sciences are applications! Then the effi- 
ciency of engineering education may rise 
from 15 per cent to 20 per cent. The 
solution to the increasing complexity of 
the age will be, as always, to consolidate 
on new and broader philosophical levels. 


Teachers Above All 


Methodology and reform are useful 
but the indispensable ingredient of edu- 
cation will always be the teacher, upon 
whose genius and devotion everything 
depends. Of all the qualities spoiled by 


a dull teacher, creativity is hardest hit. 
We need better men in engineering edu- 
cation; we need the very best that the 
profession can muster. 

It is one of the scandals of engineer- 
ing education that most engineering 
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teachers are thrown into teaching with. 
out any formal preparation for it. Only 
because we have much company in othe 
college professors do we get by with 
this laxity. The American Society fo 
Engineering Education has made a gooj 
start toward attacking this problem; le 
us help it redouble its efforts. Let 1; 
write books on engineering teaching ani 
offer a course on it in every engineering 
graduate school. 

If we will develop our teachers as w 
should, we can win the reputation of 
being one of the most enlightened group: 
in college education. 


Conclusions 


1. If engineering education will con- 


tinue to reform, it can eventually begin | 


to lead the engineering profession. 


2. Creativity, long neglected and dis 


couraged in engineering education, is be. 
ginning to receive attention. 


develop methods for teaching creative 
engineering. This will be difficult and 
will take time. 
process should be pressed. 


3. All engineering is a series of crea- | 


tive and conventional operations and er- 
gineers should be able to change rapidly 


back and forth from the creative to the | 
procedure 


conventional hats. This 


should be taught rationally. Creative 


thinking should not be distilled out of; 


classroom problems. 


4, Engineering history should be du 
out by researchers and put into usable | 
form. It should be taught as an integral | 
part of every course, not as a cours | 
It should not be a desi) 
chronology, but an intimate account o | 
the experiences of real men with ther) 


by itself. 


Educators | 
should uproot sacred-cow methods ani. 


Research on the creative | 


difficulties, mistakes, and triumphs. Com _ 
cepts and principles should be inte} 


duced by the historical method. 

5. Textbooks should be redesigned th 
inculeate creativity. They should teat | 
engineering sciences using application 


as means 
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style, a 
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as means and not ends. Coverage of de- ery. This research should utilize psy- 
velopments should be sacrificed in favor chology to the fullest extent. The re- 
of history, philosophy, self-discovery, sults will permit further improvements 
style, and composition. Educational in engineering education. 
textbooks should be distinct from ref- 7. Engineering teachers should be the 
erence books, research papers, or other best men that the profession can muster. 
forms of writing. Their training should be earnestly devel- 
6. Research should be done in the sci- oped through every available means in- 
ence of engineering thought and discov- cluding courses and books. 


Catalog of EDUCATIONAL AIDS 
in Engineering 


Civil Engineering Electrical Engineering 
Mechanical Engineering Engineering Mechanics 


Mathematics 


Prepared by the ASEE Committee on Teaching Aids. Over 5000 teaching aids 
have been reviewed. The catalog lists 290 aids which are rated by the ASEE 
reviewing committees as the best available learning aids for engineering education. 
The catalog summarizes the content of each aid, recommends the course for which 
it is best adapted, gives details of physical size, equipment necessary, where it can be 
obtained, cost and other pertinent data. 

This catalog will direct you by the most expeditious route to those teaching aids 
which will add a new dimension to your teaching. Send for one today. 

This project was financed by contributions from industry to defray the traveling 
expenses of the reviewing committees and to make it possible to carry this on as a 
continuing project of ASEE. 

The catalog is now available in a spiral-bound volume at $1 per copy. Orders 
should be sent to the ASEE Office, University of Illinois, Urbana, Illinois. 
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The Engineering School of Tomorrow 


By MILTON O. SCHMIDT 


Professor of Civil Engineering, University of Illinois 


The engineering school of tomorrow 
will be the hallmark of those professional 
attitudes, ethical principles, and intellec- 
tual attainments which are _ seriously 
needed today by America’s engineers as 
they seek unity among themselves and a 
better measure of recognition from their 
fellow citizens. The engineering school 
of tomorrow mindful of the great charge 
entrusted to it—to educate rather than to 
train—will break sharply from the mold 
in which engineering institutions have 
been cast in this country for the past 100 
years. It will set itself resolutely to the 
task of securing dignified respect for engi- 
neering as it educates young men to fulfill, 
the highest concepts of ethical conduct, 
technological achievement, and social un- 
derstanding. 

The forerunners of the engineering 
school of tomorrow may be the five-year 
curricula institutions who are offering a 
broader educational base for professional 
practice. A lesson could be taken from 
the programs of the dental and medical 
schools who have insisted upon pre-pro- 
fessional training for several decades. 
May it not be refreshing that engineering 
students be introduced to the disciplines 
and values of letters and arts. May it 
not be wise that they demonstrate higher 
proficiencies in oral and written expres- 
sion before they enter a school designed 
for young men who have the mental and 
moral fiber needed to lend strength to a 
profession which is old in years but may 
not yet have come of age. 

The emergence of the engineering 
school of tomorrow from the school of to- 
day will not be rapid or assured. Its 
metamorphosis will depend largely upon 


the quality of its staff, the careful choice 
of students, and upon the organization 
and administration of curricula. The tax 
of redefining the structure of America 
engineering education will demand the 
best efforts of bold and imaginative ad} 
ministration with principles such as the | 
following forming a guiding framework: 


1. Professional rank and title will kf 
guarded more zealously. Academic title | 
will not be prostituted by the inadequacy | 
of budget. Mediocre staff will not ber” 
cruited with the allurement of title when” 
funds are insufficient to employ competent | 
personnel. It will not be assumed that” 
a good engineer is also a good teacher. 
Hence, the situation of a former dow-| 
town engineering assistant suddenly find- 
ing himself invested with the title of pro- 
fessor will not be permitted. 

2. Schools will be on guard to prevent” 
the appointment of too many of their) 
own graduates unless they have been els _ 
where since graduation and have bee 
leavened by contact with the practice of) 
engineering and by teaching experienc, 
at other schools. To neglect these pre | 
cautions will be to invite not merely act _ 
demic inbreeding but intellectual incest. 

3. Increasing emphasis will be given  _ 
the appointment of professors of wile 
general intellectual interests as opposél 
to the engineering recluse who ordinarily 
lacks the perspective or the desire for : 
effective exploration of new education 
channels or may be incapable of generat — 
ing a desire for learning. ; 

The better professor will aid his st} 
dents to appraise. things at their tr) 
values, to seek out the truth on all issue _ 
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and to act as valiantly for the unpopular 
beliefs as those which are more palatable 
put no more sound. He will urge them 
to view objectively the special interest 
groups, the trade unionists no less than 
the P. E.’s, and to beware of the false 
prophets. 

4. The teaching loads will give oppor- 
tunity for continued individual study, re- 
flection, and self-improvement, for the 
true engineering professor must embody 
the principle of continuing adult educa- 
tion he seeks to preach in his classes. 
For him there can be no release from the 
constant demand to know more about men 
and machines. This insatiable curiosity 
to learn all interrelations is a true index 
of the learned one—the professor. Woe 
to the school that casts the magic mantle 
of tenure over the soft shoulders of those 
who delight in the academic life because 
of the opportunity it affords to spend the 
generous hours away from the classroom 
in the prosaic pursuits of domesticity, in 
hobbying, following the telecasts, and 
other intellectual-numbing activities. 

5. The tendency of the young instructor 
to engage in outside work will be viewed 
with concern if such experience is routine 
and of a production nature, and the 
teacher uses the advantages of a salaried 
position to compete with other engineers. 
Good teaching is considered a full-time 
enterprise which can be best strengthened 
and steeped in engineering practice by 
gaining creditable experience during 
leaves of absence with reputable engineer- 
ing organizations. 

6. The attainment of intellectual capac- 
ity and the development of an ethical 
sense will gain ascendancy over the im- 
portance of engineering procedures and 
practices since the engineering school of 
tomorrow will consider itself the standard 
bearer of the engineering profession and 
the co-guardian with the technical societies 
of its integrity. 


Students 


‘The engineering school of tomorrow 
will give vastly more consideration to the 
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selection of its students. It will realize 
that their quality is much more important 
than their numbers. It will effect liason 
with the technical institutes so that capa- 
ble technicians can be trained from among 
those not capable of surviving the rigors 
of the professional engineering school. 

It will launch extensive programs of 
aptitude testing to determine the capabil- 
ities of each applicant for admission. In 
its study of candidates the school will 
spare no efforts to portray the nature and 
extent of engineering employment—its 
shortcomings and its triumphs—for more 
than anything else must there exist in the 
make-up of the prospective student a 
great desire to become an engineer. 


Administration 


The engineering school of tomorrow 
will break boldly with tradition on mat- 
ters of organization and administration 
of its curricula. It will recognize the es- 
sentially fluid character of academic pro- 
grams of study and acknowledge they are 
constantly in transition. 

Its administration will be quick to de- 
tect sycophancy in its staff. It will be able 
to distinguish between ordinary authorship 
that may break into print and quality 
scholarship; between the scurry and dis- 
order of undistinguished committee work 
and the high quality of unrecognized stu- 
dent counselling; between departmental 
clerking and virile instruction. It will not 
be intimidated by cries of academic im- 
perialism and taunted into submission or 
retreat when the issues of the day and 
the responsibilities of administration call 
for prompt and decisive exercise of au- 
thority to accomplish action. It will rec- 
ognize it is better to deliver on time while 
oceasionally making mistakes than to 
breed the air of uncertainty and indeci- 
sion which is engendered by endless delays 
and habitual vacillation in executing 
policy. 

Finally, the distinguishing feature of a 
university education should be a widening 
and deepening of intellectual capacity and 
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power. The engineering school of the fu- 
ture, usually attached to a university, will 
not tolerate mediocrity in any area. It 
will strive to give its graduates a sound 
understanding of fundamentals and en- 
rich and strengthen their intellectual 
resources. By accomplishing this it will 
serve notice to the world that engineering 


and engineers have finally come of ag F 


Not until such time as the engineering 
school of today becomes the engineeriag 


school of tomorrow will the engineerin [ 


profession be able to dissolve the miasm 
of uncertainty, ordinary stature, and lac 
of professional recognition that envelop 
engineers today. 
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The Integration of Humanities into an 
Engineering Program 


By J. STUART JOHNSON 
Head, School of Electrical Engineering, Purdue University, Lafayette, Indiana 


A great deal has been said, and printed, 
on the subject of the need for liberalizing 
an engineering education. Surveys have 
been made by engineers and liberal arts 
people alike, in an effort to determine the 
desirability of inclusion of material in the 
social-humanistie areas in an engineering 
curriculum, and to determine the amount 
and type and degree of coverage of such 
material. 

I would like to submit that any number 
of eredit hours will not accomplish the 
desired purpose unless the necessary 
stimulation is provided. I would like to 
submit further that a long sequence of 
courses in any one small area of the entire 
field will not necessarily provide that 
stimulation. 

A few years past, a magic number of 
20% was proposed as the minimum 
amount of nontechnical material which 
should be included in an engineering un- 
dergraduate curriculum. Many schools at- 
tempted to adjust curricula to fit this 
magic number. A few took the term 
“minimum” in its literal sense, and held 
strictly to this amount. Others went far 
beyond it. Still others, however, argued 
that the amount of time available for 
engineering work was not sufficient, and 
did not reach the 20% figure. 

I believe that it has been recognized 
by all concerned, recently, that the specifi- 
cation was not based on firm foundation. 
It is not argued that engineering grad- 
uates should not be acquainted with phi- 
losophy, psychology, history, and the vari- 
ous subjects generally considered in the 
arts and sciences area. Nor, I believe, is 
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it a matter of disagreement that persons 
trained in the fields of history and sociol- 
ogy should present this material to the 
engineering student. My thesis concerns 
merely the manner in which this material 
is presented, together with the intensitz 
of presentation in any one area. 


Three Stages 


I would contend that there are three 
stages through which the liberalizing 
processes go. Briefly, these would be the 
introduction to the subject by the spe- 
cialist, the continued application of the 
material as a part of a technical course, 
and third, the self-development of the 
student after graduation. I would con- 
tend that an engineering program which, 
exclusive of English composition, gram- 
mar, and speech, includes one course per 
semester in each of several areas of the 
social studies and humanities, would serve 
as the training field corresponding to the 
first stage. I would not propose, how- 
ever, that a course in history in the junior 
year be taught as what might be termed 
an introductory course in history, or a 
more detailed course in history covering 
a specific period of time, such as might 
be taught to an arts and sciences student, 
who conceivably would take more courses 
in the field. I would suggest that the 
single course be taught with a view to 
identifying the impact of history and his- 
torical events on the student’s own pro- 
fession. Similarly, I would feel that a 
course in government, rather than repre- 
senting a detailed study of governmental 
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structure, be slanted toward impressing 
the student with the effect of matters per- 
taining to governmental organization and 
action on the engineering -profession. 

In other words, a fundamental course 
in each of several areas in which the sub- 
ject is closely identified to the student’s 
own profession, in such a way as to show 
him his professional relationship with 
these various areas, would, I believe, serve 
as a strong stimulus. 

The second stage of the student’s train- 
ing in the so-called social-humanistie stem 
would be obtained in the actual profes- 
sional courses themselves. There is no 
reason why the engineering instructor can- 
not, and should not, continue to identify 
the professional field in its relation to 
history, government, economics, and sim- 
ilar areas considered as nontechnical. 
This, of course, would require an appre- 
ciation on the part of engineering faculty 
members of the importance of these areas 
as well as an ability to link the two things 
together. 


INTO ENGINEERING PROGRAM 


If the student had passed through they) 
two stages in the proper manner, I fel) 
reasonably confident that he would hay} 
been imbued with the belief that his pn.) 
fession is not isolated, but is an importan| 
part of a much larger field. Havin\ 
gained the stimulation through these tw) 
stages, he should not only be capable of) 
but desirous of, continuing to establish) 


the further relationship after graduatio, 


It is believed that the above procedur| 
would result in a broader coverage «| 
nontechnical topics in a relatively cou} 


servative amount of time, insofar as th) proble 
percentage of time devoted from the engi. | 


neering program is concerned. It is aly} 


believed that the approach designed t 
relate the nontechnical areas to the stv. 
dent’s professional activity would provide 


a stimulation for further study in th! 


area. It is still further believed that th 
engineering program itself might take a 
more value as a result of the relationship 
which would be established between the 
two areas. 
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Candid Comments 


By H. A. MARCOUX 


Professor of Mechanical Engineering, University of Arizona 


In the college of engineering our 


-| freshman students are confronted with 
_a problem which must be common to 
_ every university student. Sooner or later 
they realize that since their classroom 


work will become increasingly technical 


‘| and demanding, the burden of obtaining 
- a broader and more rounded education 
' must, of necessity, be carried by the in- 
dividual. 
in having this situation become clear- 


There is a definite advantage 


cut and obvious early in one’s univer- 
sity career. Basically, it confronts every 
student whose pattern -of interests and 
habits is in the formative stage—and 


some who have begun to question the 


established routine of their college life. 

The well educated man is not merely 
technically proficient in his chosen field, 
but, above all, possesses intellectual and 
social maturity. This distant goal can- 
not be attained automatically by passive 
attendance, however frequent, at the 
many and varied activities which uni- 
versity. life encompasses. Exposure to 
the fields of literature, art, music, his- 
tory, philosophy, and science is, of 
course, a prerequisite to an intelligent 
and respectful appreciation of the facets 
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which comprise the background of a 
well-rounded education. But education 
is an active process. An individual 
must experience actual reactions to these 
outside stimuli. If the reaction is one 
of satisfaction, of deepening interest 
and awareness, a process of intellectual 
growth is set up. This can only be ac- 
complished by a deliberate effort on the 
part of the student to develop within 
himself a state of readiness and re- 
ceptivity which will transcend that re- 
quired for classroom routine. 

The degree of accomplishment in any 
particular field is selective—and, com- 
pared to a specialist, very limited. How- 
ever, there are rich rewards for the 
smallest efforts toward broadening one’s 
horizons. One ean find a greater sense 
of personal fulfillment, a truer concept of 
one’s effectiveness and status in our so- 
ciety, and a broader understanding of 
human relations. If his development is 
genuine and complete, a habit pattern 
will be set up which will enable him to 
continue throughout his life to grow and 
develop—to choose the more stimulating 
book, appreciate the finer music, and 
be more tolerant toward his fellow men. 
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Industry Views the Engineering Graduate 
and His Curriculum 


By WILLIAM K. LeBOLD 


Research Assistant in Engineering Education, Purdue University 


Purpose 


When the national committee on the 
“Evaluation of Engineering Education” 
was organized by the American Society 
for Engineering Education, each engineer- 
ing school was asked to form a study 
committee to consider the overall phases 
of engineering education. At Purdue 
University a Curriculum Study Commit- 
tee was appointed to consider the general 
problem of determining the educational 
requirements of graduate engineers “com- 
petent to serve the needs of the engineer- 
ing profession over the next quarter cen- 
tury.” Purdue’s committee was aware of 
the close relationship existing between the 
faculty and those leaders in industry re- 
sponsible for the selection, placement, and 
development of engineers. In view of this 
relationship, the committee requested in- 
dustry’s leaders to provide information 
concerning the present supply and future 
demand for engineers trained to various 
educational levels, and in addition, to give 
their opinions regarding the content and 
duration of engineering curricula. 


Procedure 


A questionnaire was prepared to meet 
a twofold purpose: 


1) To determine the distribution of en- 
gineers among the various job cate- 
gories in which engineers are gen- 
erally employed and to determine 
what difference, if any, the level of 
degree makes, and 

2) To determine the attitudes of indus- 
trial leaders in regard to engineer- 
ing curricula. 
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The selection of companies and the in- 
dividual within each company was im- 
portant. The following criteria was used: 


1) From a list of 800-1000 companies 
who send representatives to interview po- 
tential engineering graduates, typical com- 
panies were selected. 

2) From the companies chosen, a fur- 
ther selection was made of those individ- 
uals in industry which committee men- 
bers felt were in a position to supply 
reliable answers. 

One of the assumptions underlying the 
questionnaire is that engineers can be 
classed into one of three categories de- 
fined as follows: 


A. “Those who deal primarily with new 
technical ideas or products. This would 
include research, development, design, 
ete.,” hereafter in this report referred to 
as New Developments. 

B. “Those whose primary function is 
the operation of existing facilities or the 
execution of existing plans or designs. 
This would include production, construe- 
tion, operation, service, etc.,” hereafter re- 
ferred to as Operations. 

C. “Those who deal principally with the 
human element in technology. This would 
include production, supervision, sales, per- 
sonnel work, ete.,” hereafter referred to 
as Human Relations. 


About 170 companies that employ engi- 
neering degree personnel were sent ques- 
tionnaires together with an explanatory 
letter. In general, the questionnaire was 
addressed to the person in charge of engi- 
neering college recruitment. Usable ques- 


JouRNAL oF ENGINEERING EpucaTIon, JUNE, 1955 


tionnaires 
nies or appr 
The question 
filled out by 
though he oe 
or more pers 
ization. 

The comp 
those in the : 
trical, heavy 
industries as 
and a world- 


The questi 
leaders are gi 
with summaz 
been grouped 


1) A class 
engine 
1 
2) Engine 
indus 
7 to: 


Engineerin 
gories : 

The first q 
asked for the 
gree employe 
ing companie 
follows: 

Approxime 
engineering 
employ? 

The questic 
employing ar 
gineering de 
number of 
employed wa 
ing companie 
for a Freque 

In view of 
defined, New 
and Human 
asked : 

“2 How m 
ing eng 
sified i 

The comp] 
No. 2, App 


INDUSTRY VIEWS THE ENGINEERING GRADUATE 


tionaires were received from 85 compa- 
nies or approximately 50% of the total. 
The questionnaire was for the most part 
filled out by the addressed person, al- 
though he occasionally referred it to one 
or more persons in his respective organ- 
ization. 

The companies responding included 
those in the aircraft, chemical, food, elec- 
trical, heavy machinery, and metal trade 
industries as well as railroads, utilities, 
and a world-wide construction firm. 


Results 


The questions submitted to industry’s 
leaders are given in Appendix A together 
with summary tables. The results have 
been grouped into two major divisions: 


1) A classification of employees with 
engineering degrees—Questions No. 
1 to 6. 

2) Engineering curricula opinions of 
industrial leaders—Questions No. 
7 to 12. 


Engineering Degrees and Job Cate- 
gories : 

The first question in the questionnaire 
asked for the number of engineering de- 
gree employees in each of the participat- 
ing companies. Question No. 1 reads as 
follows: 

Approximately how many persons with 
engineering degrees does your firm now 
employ? 

The questionnaire came from companies 
employing anywhere from 13,375 to 3 en- 
gineering degree persons. The median 
number of engineering degree persons 
employed was 277 among the 85 respond- 
ing companies. (See No. 1, Appendix A 
for a Frequency Distribution.) 

In view of the job categories previously 
defined, New Developments, Operations, 
and Human Relations, the questionnaire 
asked : 

“2 How many of your employees hav- 
ing engineering degrees can be clas- 
sified in each of the categories?” 

The complete results are tabulated in 
No. 2, Appendix A. A breakdown of 
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1953 engineering degree employees is as 
follows: 

Those having Bachelor’s degrees ac- 
counted for: 


83.8% of those in New Develop- 
ments 
95.9% of those in Operations 
93.3% of those in Human Rela- 
tions 
or 90.1% of those in all three cate- 
gories. 


Those having Master’s degrees accounted 
for: 


13.0% of those in New Develop- 
ments 
3.9% of those in Operations 
6.4% of those in Human Rela- 
tions 
or 8.4% of those in all three cate- 
gories. 


Those having Doctor’s degrees accounted 
for: 


3.2% of those in New Develop- 
ments 
.2% of those in Operations 
.3% of those in Human Rela- 
tions 

or 1.5% of those in all three cate- 
gories. 


The overall breakdown indicates that at 
the time of the survey the responding 
companies had engineering degree em- 
ployees classified as follows: 


41.9% were active in New Develop- 
ments 
30.4% were active in Operations 
and 27.7% were active in Human Rela- 
tions. 


The responding companies employed a 
total of 75,565 engineers, a fairly large 
sample of the national engineering degree 
population (estimated to be about 400,- 
000). 

To determine what type of demand 
could be expected for engineering grad- 
uates the questionnaire asked: “How 
many engineering graduates would you 
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like to hire during 1953?” The total fig- 
ures indicated a demand for 10,439 engi- 
neering graduates or 13.8% of those em- 
ployed at the time of the survey (early 
1953). (See No. 3, Appendix A.) 

To determine the job categories in 
which 1953 graduates might eventually 
be employed, Question No. 4 asked: “Of 
the engineering graduates you would like 
to hire in 1953, how many would you 
expect to be employed in each of the cate- 
gories after five years of service?” (See 
No. 4, Appendix A.) Those having Bach- 
elor’s degrees would account for: 


82% of those in New Developments 
94% of those in Operations 
93% of those in Human Relations 
and 88% of those in all three ecate- 
gories, after five years of em- 
ployment. 


Those having Master’s degrees would 
account for: 


13% in New Developments 
5% in Operations 
6% in Human Relations 
and 9.5% in all three categories. 


Those having Doctor’s degrees would 
account for: 


4.6% of those in New Develop- 
ments 
.6% of those in Operations 
1.2% of those in Human Rela- 
tions 

and 2.8% of those in all three eate- 
gories. 


Industry estimated that those they 
would liked to have hired in 1953 would 
after five years service be distributed as 
follows: 


53% in New Developments 
28% in Operations 
and 20% in Human Relations. 


The discrepancy between the totals in 
Question No. 3 (10,439) and Question No. 
4 (9,703) is due to the fact that some 
respondents did not answer Question 
No. 4. 
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To determine future demands the qua 
tionnaire addressed itself to the same go. f 
eral problem 10 years hence (1963) 
Question No. 5 asked: “How many eng, 
neering graduates would you like to hin} 
during 1963?” All respondents did x 
answer this question; nevertheless thé 
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projected total was 10,314 or 15% gf 12” (New 
those (early 1953) employed in the eo.) Human R 
panies answering this question. ) naires rece 
Question No. 6 again asked for a clu.) affirmative 
sification of 1963 graduates according t)| 4 (5%) eit 
the type of degree: “Of the engineerin | their answ 
graduates you would like to hire in 193) Those f 
how many would you expect to be em. | the differe 
ployed in each of the categories after fin! about subj 
years of service?” (See No. 6, Appendix) 
A.) Those having Bachelor's degres) should be 
after five years service would account for;} 7 each ¢ 
| (See No. 7 
74% of those in New Development? checked 5( 
92.8% of those in Operations In N 
89.8% of those in Human Re) 
tions Ad 
and 83.7% of those in all three cate En 
gories. En 
Master’s degrees based on these esti-} In Oper 
mates after five years service (1968) 
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En 
18.1% of those in New Develop-| Ke 
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6.4% of those in Operations : 
7.6% of those in Human Rel | I 
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Engineering Curricula 


(1963), 


The curriculum question was first men- 
tioned in No. 7 which asked: “Do you 
believe that the undergraduate college 
training should be different for the dif- 
ferent categories listed after Question No. 


15% «| 12” (New Developments, Operations, and 
the con.) Human Relations). Of the 85 question- 
‘ naires received, 40 (47%) answered in the 
or a ely.) affirmative, 41 (48%) in the negative and 
rding t} 4 (5%) either did not respond or qualified 
gineering their answer. 
in 1963, © Those favoring different training for 
be the different categories were then asked 
after fir " about subject matter as follows: “If your 
ppendir| answer to No. 7 ts yes, what subjects 
degres | should be emphasized to a greater extent 
yunt for: each category? (check one or more). 
‘( See No. 7, Appendix A.) Those subjects 
lopment? checked 50% or more were: 
In New Developments: 
Advanced Science 65% 
"ee cate | Engineering . 50% 
English—Speech 84% 
se esti} In Operations: 
Engineering 55% 
: English—Speech 73% 
evelop- | Economies— 
Psychology— 
ns : Government 67% 
n Rela 
In Human Relations: 
cale- English—Speech 97% 
Economics— 
4 Psychology— 
nt for Government 92% 
Humanities 76% 
evelop-} It is important to note that only those 


_ who answered “yes” to Question No. 7, 


ns 
Rela- 


e cate | 


6 do 
nt all 


namely those in favor of different under- 
' graduate training for engineers in New 
Developments, Operations, and Human 
_ Relations, answered this question. 


The four-year vs. the five-year program 


_ was faeed in Question No. 9 which asked: 
“Do you favor a four year or a five year 
| curriculum for the Bachelor’s degrees in 


engineering?” Opinion was again about 
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equally divided, 43 (51%) favoring the 
four-year curriculum and 42 (49%) fa- 
voring the five-year program. 

Those favoring the five-year program 
were then asked: “If you favor the five- 
year curriculum, what subjects would you 
like to see emphasized to a greater ex- 
tent?” (See No. 10, Appendix A.) 
Those subjects checked more than 50% 
of the time were: 


In New Developments: 


English—Speech 90% 
In Operations: 
English—Speech 90% 
Eeonomics— 
Psychology— 
Government 74% 
Humanities 51% 
In Human Relations: 
English—Speech 94% 
Economics— 
Psychology— 
Government 81% 
Humanities 75% 


Only those favoring the five-year program 
answered this question. 

The integrated program was considered 
in Question No. 11 which asked: “Do you 
think there is need for an undergraduate 
curriculum offering an integrated, across 
the board type of program with emphasis 
on the subject matter and methods com- 
mon to the major fields of engineering?” 
There were 50 (59%) “yes’s,” 21 (25%) 
“no’s,” and 14 (16%) did not respond to 
this question. Those answering “yes” fa- 
vored such a program for 42.2% of the 
undergraduates. (See Appendix A, Ques- 
tion No. 11.) 

The relation of the technical institute 
program to engineering was approached 
in Question No. 12 which asked: “If grad- 
uates of technical institutes (2 year train- 
ing) were available in sufficient number, 
what percentage of the engineers you are 
now hiring would you be willing to replace 
by those with technical institute train- 
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ing?” Some did not respond to this ques- 
tion and others commented that they 
would hire more technical institute grad- 
uate but not to replace engineers. The 
respondents’ answers resulted in a 9.8% 
mean, more than one-half indicating that 
they would not hire any technical institute 
graduates in place of engineers. 


Summary 


As is often the case in designing a ques- 
tionnaire, certain modifications seem de- 
sirable after the results are in. The re- 
sults should be thought of as more or less 
qualitative in nature, since they lack the 
quantitative precision that engineers are 
accustomed to in physical measurements. 
The classification of employed engineers 
into the categories is based upon thou- 
sands of engineers, Questions No. 1-6. On 
the other hand the questions concerning 
the curriculum are based on the individ- 
ual opinions of the 85 industry represen- 
tatives who answered the questionnaire, 
Questions No. 7-12. 


1. Industry indicates that about 4 out 
of 10 engineers are engaged in New De- 
velopments (research-design), 3 out of 10 
in Operations (production-construction), 
and about 3 out of 10 in Human Rela- 
tions (sales-supervision). About 9 out 
of 10 have Bachelor’s degrees, about 1 
out of 10 have Master’s degrees and about 
1 out of 100 have Doctor’s degrees (vary- 
ing from 4 out of 100 in New Develop- 
ments to 2 in 1000 in Operations). 

2. Based on the estimates for 1953 and 
1963, industry would like to hire about 1 
engineer for every 10 currently em- 
ployed. 

3. Industry indicated that during the 
next ten years a greater percentage of 
those with Master’s and Doctor’s degrees 
will be desired, but Bachelor’s degrees will 
continue to constitute better than 80% 
of demand. 

4, Those in charge of industry’s college 
recruiting programs were about equally 
divided on specific training of undergrad- 
uates for particular job categories, as con- 
trasted with training in a common pro- 
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gram for all job categories. Those faye. 
ing more specific programs prefer mop 
advanced science and engineering fy 
those in research and design, more soc 
sciences for those in production and em. 
struction, and more social sciences aj 
humanities for those in sales and supe. 
vision. Additional English and speed 
training seemed to be highly desirable fy 
all job categories. 

5. The replies indicated that industry 
was about equally divided between th 
four-year and the five-year program 
Those favoring the five-year program ge. 
erally favored more humanities and soci 
sciences for construction and produetio 
personnel and more social sciences ani 
humanities for sales and supervision pe 
sonnel. Again there was general unanin- 
ity on English and speech, over 90% i 
the respondents checking these subjects 

6. Fifty-nine per cent of the responi- 


ents thought there was a need for a) 


integrated undergraduate program whit 
would emphasize subject matter comma 
to the major fields of engineering. 
Twenty-five per cent did not think ther 
was a need for such a program and th 
remaining 16% did not respond to thi 
question. Those who thought there was: 


need for an integrated program thought} 
that about half of the students shouli| 


take such a program. 


7. It seems unlikely from the response 


received that technical institute graé- 


uates will be hired instead of engineering) 


graduates. 


In closing it seems advisable to poiti 
out that these results in general represetl 
the opinions of a limited number of key 
industry men who represent a small but 
important segment of industrial manage: 
ments’ opinions. 
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2. How many of your employees having engineering degrees can be classified jy | 


each of the categories? 
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Job’ Categories 
Total Degrees 
Degrees B. Operations 
Number Number Number Number 
% % % 

Bachelor’s 26,541 22,056 19.489 68,086 
Degree 83.8% 95.9% 93.3% 90.1% 
Master’s 4,119 895 1,346 6,360 
Degree 13.0% 3.9% 6.4% 8.4% 
Doctor’s 1,016 42 61 1,119 
Degree 3.2% 2% 29% 15% 
Total No. 31,696 22,993 20,896 75,565 Grand 
Degrees % 41.9% 30.4% 27.7% 100% Total 


3. How many engineering graduates would you like to hire during 1953? 


4. Of ihe engineering graduates you would like to hire in 1953, how many woul 
you expect to be employed in each of the categories after five years of service! 


Numbers of Graduates Per/Cent of Grand Total—Question No. 2 


10,439 


13.8% 


| Job Categories 
Total Degrees 
ALN H 
Number Number Number Number 
% % % % 
Bachelor’s 4,200 2,507 1,797 8,504 
Degree 82.2% 94.0% 93.1% 87.6% 
Master’s 670 145 108 923 
Degree 13.1% 5.4% 5.6% 9.5% 
Doctor’s 237 15 24 276 
Degree 46% 6% 1.2% 2.8% 
Total No. 5,107 2,667 1.929 9,703 Grand 
Degrees % 52.6% 27.5% 19.9%. 100% Total 
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ssified jy 
Yegrees } 5. How many engineering graduates would you like to hire during 1963? 
Number of Graduates Per Cent of the Adjusted Grand Total 
10,314 15.0% 
6 
0.1% 6. Of the engineering graduates you would like to hire in 1963, how many would 
) you expect to be employed in each of the categories after 5 years of service? 
3.4%, 
) Job Categories 
1.5% Total Degrees 
Grand Degrees B. Operations 
Total 
Number Number Number Number 
% % % 
Bachelor’s 2,751 2,275 1,804 6,830 
Degree 74.9% 92.8% 89.8% 83.7% 
Master’s 663 158 153 979 
Degree 18.1% 6.4% 7.6% 12.0% 
Doctor’s 281 18 51 350 
Degree 7.6% 7% 2.5% 4.3% 
y would Total No. 3,700 2,451 2,008 8,159 Grand 
service! | Degrees % 45.3% 30.0% 24.6% 100% Total 
] 7. Do you believe that the undergraduate college training should be different for 
the different categories listed after Question No. 1? 
ber Number of Per Cent of the 
7 Response Responses Returned Questionnaires 
Yes 40 47% 
6% | No 41 48% 
No Response 
i 4.7% 


8% 
and 
Total | 
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10. If 
em 
8. If your answer to 7 is yes, what subjects should be emphasized to a greate 
extent for each category? (check one or more) 
Job Categories 
Basic Phy: 
Subjects A. New Developments] B. Operations C. Human Relations Chem., M: 
Advanced 
Number of Checks Number of Checks Number of Checks Chemistry 
Basic Physics, 15 10 8 Engineerin 
Chem., Math. 48% 30% 22% Fundamen 
Advanced Physics, 20 2 0 egy 
Chemistry, Math. 65% 6% 0% ' 
Engineering 18 18 12 Hae 
Fundamentals 58% 55% 32% : 
(Mechanics, Thermo. Elec. & English—S 
Magn.) 
Specialized 15 11 3 Economics 
Technology 48% 33% 8% Governme 
English—Speech 24 36 Humanitie 
84% 73% 97% philosop 
Economics, Psych. ti 22 34 Total 
Government 23% 67% 92% 
Humanities (literature, 5 6 28 
philosophy, etc.) 16% 18% 76% : 
Total 31 33 37 11. Do 
100% 100% 100% gra 
anc 
9. Do you favor a 4 year or a 5 year curriculum for the Bachelor’s degree in 
engineering? 
Number of Per Cent of the 
Response Responses Returned Questionnaires b) If sc 
4 year curriculum 43 50.6% 
5 year curriculum 42 49.4% 
12. Ifg 
nur 


will 


= 


greater 


oN 


ree in 
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10. If you favor the five year curriculum, what subjects would you like to see 
emphasized to a greater extent? (Check one or more) 


Job Categories 
Subjects A. New Developments B. Operations C. Human Relations 
Number of Checks Number of Checks Number of Checks 
Basic Physics, 5 4 2 
Chem., Math. 16% 13% 6% 
Advanced Physics, 11 4 2 
Chemistry, Math. 36% 13% 6% 
Engineering 15 11 7 
Fundamentals 48% 36% 22% 
(Mechanics, Thermo. Elec. & 
Magn.) 
Specialized 10 8 4 
Technology 33% 26% 13% 
English—Speech 28 28 29 
90% 90% 94% 
Economics, Psych. 15 23 25 
Government : 48% 74% 81% 
Humanities (literature, 13 Zi 23 
philosophy, etc.) 42% 51% 75% 
Total 31 31 31 
100% 100% 100% 


11. Do you think there is need for an undergraduate curriculum offering an inte- 
grated, across-the-board type of program with emphasis on the subject matter 
and methods common to the major fields of engineering? 


a) 
Number of Per Cent of the 
Response Responses Returned Questionnaires 
Yes 50 59% 
No 21 25% 
No Response 14 16% 


b) If so, what percentage of students should take such a program? Mean 42.2% 
Median 50.0% 


12. If graduates of technical institutes (2 year training) were available in sufficient 
numbers, what percentage of the engineers you are now hiring would you be 
willing to replace by those with technical institute training? 


Mean: Number of engineers 9.8% 
Median: Number of engineers 0% 


: 
telations 
Checks 
0 
) 
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New Members 


ALLEN, Caro W., Instructor of Mechanical 
Engineering, Purdue University, Lafay- 
ette, Indiana. E. 8. Ault, Allen S. Hall, 
Jr. 

ALLEN, WILLIAM W., Training Specialist, 
Training Department, North American 
Aviation, Los Angeles, Calif. J. A. 
Broadston, J. C. Dillon. 

BARNES, ALBERT H., Instructor in Civil En- 
gineering, Speed School, University of 
Louisville, Louisville, Ky. W. R. MeIn- 
tosh, John E. Heer, Jr. 

Baxter, LELAND Kirk, Assistant Professor 
of Mechanical Engineering, Brigham 
Young University, Provo, Utah. D. K. 
Ruhriman, John M. Simonsen. 

Best, CHESTER R., Assistant Professor of 
Engineering Mechanics, Louisiana State 
University, Baton Rouge, La. Dale R. 
Carver, Joseph C. Mehrhoff. 

Bortner, Rosert L., Assistant Chief Engi- 
neer—Administration, Republic Aviation 


Corporation, Huntington, N. Y. L. E. ' 


Grinter, W. L. Collins. 

Bow Davip L., Assistant Professor of 
Electrical Engineering, Bucknell Univer- 
sity, Lewisburg, Pa. George A. Irland, 
Harmer A. Weeden. 

BRENNAN, CHARLES W. (Home address) Box 


372 Sherpherdstown, West Va. George L. | 


Theuring, B. W. Niehl. 

Brown, BILLINGS, Assistant Professor of 
Chemistry and Chemical Engineering, 
Brigham Young University, Provo, Utah. 
D. K. Fuhriman, Davis Bartholomew. 

Brown, REx L., Assistant Professor of The- 
oretical and Applied Mechanics, Univer- 
sity of Illinois, Urbana, Ill. W. Leighton 
Collins, W. M. Lansford. 

Bryson, ARTHUR E., Jr., Assistant Professor 
of Engineering and Applied Physics, 
Harvard University, Cambridge, Mass. 
Dwight W. Batteau, C. H. Terry. 

BuLLOcK, RuPeErt E., Instructor of Civil En- 
gineering, University of Tennessee, Knox- 
ville, Tenn. W. D. Painter, Charles L. 
Walker. 

CHUBBUCK, EDWIN RICHARD, Assistant Pro- 
fessor Applied Mechanics, Kansas State 
College, Manhattan, Kans. Philip G. 
Kirmse, J. McCormick. 


Cooper, NoLaNp T., District Representatiy: 
Administration, Ft. Wayne Center, Purdy 
University, Fort Wayne, Ind. Dr. R. M, 
Bateman, V. Dougherty. 

Deeks, STanLey H., Chief Administratiye 
Engineer, Toronto, Ontario, Canada. VW, 
G. McIntosh, I. W. Smith. 

DEES, BowEN C., Program Director for Fel 
lowships, National Science Foundation, 
Washington 16, D.C. Kenneth H. Moore 
G. Howard Carragan. 

DONNELLON, V. Rev. JAMES A., O.S.A., Pres. 
ident of Villanova University, Villanova, 
Pa. W. Leighton Collins, Lisle A. Rose, 

Dow, Pau C., Jr., Graduate Assistant in 
Aeronautical Engineering, USAF Institute 
of Technology, Wright Patterson Air Fore 
Base, Ohio. Timothy R. Traeberger, Her. 
bert F. Marco. 

Forp, Dennis J., Assistant Professor of 
Electrical Engineering, University of Pitts | 
burgh, Pittsburgh 13, Pa. John F. Cal 
vert, John Brinda, Jr. 

Gutty, ARNOLD J., Professor of Chemical 
Engineering, Mississippi State College, 
State College, Miss. H. P. Neal, Cecil P. 
Mairon, Jr. 

HANEMAN, VINCENT S., JR., Instructor it | 
Aeronautical Engineering, USAF Institute | 
of Technology, Dayton, Ohio. Timothy 
Traeberger, Herbert F. Marco. 

HatcHer, Rosert S., Assistant Chief, Bu- 
reau of Aeronautics, Navy Department, | 
Bethesda 14, Md. Thorndike Saville, Har 
old Fogerson. 

Haupt, Lewis M., Professor of Electrieil 
Engineering, A. and M. College of Texas, 
College Station, Texas. R. P. Ward, J. 
G. McGuire. 

Jounson, ArtHuR J. M., Professor aul 
Head of Physics, Montana State College, 
Bozeman, Montana. E. W. Schilling, 2 }) 
R. Dodge. 

LaMBeE, T, WILLIAM, Associate Professor of 
Civil Engineering, Massachusetts Institute | 
of Technology, Cambridge 39, Mass. Jolt 
B. Wilbur, Eugene Mirabell. 

LASATER, CHARLES C., Assistant Professor of 
Mechanical Engineering, University of | 
Tennessee, Knoville, Tenn. P. F. Pasqui, 
William Blair. 
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NEW MEMBERS 


Lowe, JoHN L., Instructor of Science, Gen- 
eral Motors Institute, Holly, Mich. Har- 
old M. Dent, Martin R. Gray. 

Maruews, ARCHIE, Instructor in Civil Engi- 
neering, Lehigh University, Bethlehem, Pa. 
Carl E. Ekberg, Jr., Raymond H. Snyder. 

Moorz, Frank B., Assistant Professor of 
Engineering, Pennsylvania State Univer- 
sity, University Park, Pa. K. L. Holder- 
man, V. E. Neilly. 

McFrron, DEAN E., Assistant Professor of 
Mechanical Engineering, University of 
Illinois, Urbana, Ill. William L. Hull, 
Ross J. Martin. 

Norrensurc, Rosert ARTHUR, Assistant 
Dean of the Faculty, International Cor- 
respondence Schools, Scranton 9, Pa. 
John C. Villaerme, R. E. Wilson. 

Ouiver, THomas K., Assistant Professor of 
Electrical Engineering, USAF Institute of 
Technology, Wright-Patterson Air Force 
Base, Dayton, Ohio. William J. Price, T. 
R. Traeberger. 

PaRKHAM, Guy H., Jr., Assistant Professor 
of Engineering Drawing, University of 
Tennessee, Knoxville, Tenn. C. A. New- 
ton, A. B. Wood. 

PaRSEGIAN, V. LAWRENCE, Chairman, Engi- 
neering Group and Professor of Nuclear 
Engineering, Rensselaer Polytechnic In- 
stitute, Troy, N. Y. Clayton O. Dohren- 
wend, Paul E. Hernke. 

PiercE, JOHN F., Associate Professor of 
Electrical Engineering, University of Ten- 
nessee, Knoxville, Tenn. F. V. Schultz, 
H. M. Seull. 

PLEHN, ALLAN D., Instructor in Electrical 
Engineering, Milwaukee School of Engi- 
neering, Milwaukee 8, Wis. Paul O. Wen- 
watt, W. Leighton Collins. 

RAVEN, Francis Harvey, Instructor in Ma- 
chine Design, Cornell University, Ithaca, 
N.Y. F. W. Oevick, Leonardt F. Kiensle. 

Ricu, Rona E., Head of the Department of 

Chemical Engineering, University of Notre 

Dame, Notre Dame, Ind. E. J. Wilhelm, 

N. T. Howerton. 
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Ringo, Boyp C., Instructor in Civil Engi- 
neering, Michigan State College, East 
Lansing, Mich. Gail C. Blomquist, John 
R. Snell. 

Rose, STEPHEN BERNARD, Assistant Profes- 
sor of Mechanical Engineering, Seattle 
University, Seattle, Wash. Francis P. 
Wood, Robert F. Diggers. 

SmirH, Marion J., Associate Professor of 
Electrical Engineering, West Virginia Uni- 
versity, Morgantown, West Va. R. D. 
Slonneau, Mason M. 

THORSON, PHILIP J., Assistant Professor of 
Mechanical Engineering, Michigan State 
College, East Lansing, Mich. Louis L. 
Otto, D. J. Renwick. 

WAIBLER, PauL J., Assistant Professor of 
Mechanical Engineering, University of 
Washington, Seattle 5, Wash. P. L. Balise, 
Jr., Emmett E. Day. 

WEAVER, JAMEs B., Industrial Analyst, Plan- 
ning Staff of Atlas Powder Co., Wilming- 
ton, Delaware. O. P. Bergelin, S. D. 
Kirkpatrick. 

WENDT, WILLIAM E., Assistant Director of 
Admissions, Polytechnic Institute of Brook- 
lyn, Brooklyn, N. Y. Albert D. Capuro, 
Charles E. Shaffer. 

WHITEHURST, A., Director, Ten- 
nessee Highway Research Program, Uni- 
versity of Tennessee, Knoxville, Tenn. N. 
W. Dougherty, R. M. Latorge. 

Yaacer, C., Instructor of Engineer- 
ing Mechanics, Penn State University, 
State College, Pa. Norman Davids, John 
W. Breneman. 

Yeu, Hsvuan, Assistant Professor of Me- 
chanical Engineering, The Johns Hopkins 
University, Baltimore 18, Md. Harold E. 
Hoelscher, Robert W. Roy. 

ZIMMERMAN, RicHARD H., Associate Profes- 

sor of Mechanical Engineering, The Ohio 

State University, Columbus 10, Ohio. G. 

D. Hudelson, A. I. Brown. 


472 new members elected this year 
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Teaching Positions Available 


The following rules were adopted by the General Council of the ASEE: 


The privilege of advertising for teaching positions is extended only to colleges and 
technical institutes which are either Active or Affiliate Institutional Members of the 
ASEE. Advertisements must be for positions available only. No advertisements will 
be accepted for an individual seeking a job. 

Advertisements must be submitted not later than the first day of the month pre. 
ceding the month of issue. Because of limited staff, the ASEE headquarters cannot 
maintain personnel files or supply detailed information about jobs. In replying to 
blind ads, address letters to American Society for Engineering Education, University of 
Lllinois, Urbana, Illinois and give blind ad number. Information and rates for advertis- 
ing in the Journal can be received by writing ASEE Headquarters. In order to conserve 


space and achieve uniformity, the privilege is reserved to rearrange advertisements. 


ENGINEERING TEACHERS TO BEGIN 
in September, 1955. Professor of Mechan- 
ical Engineering—to teach Advanced 
Thermo, Advanced Fluids, Heat Transfer 
and other Mechanical Engineering Courses; 
Associate Professor of Civil Engineering— 
to teach Mechanics, Strength and Hydraul- 
ies; Assistant Professor of Civil Engineering 
to teach Surveying; Graduate Assistant to 
Supervise Drawing. College of Engineer- 
ing, University of Arizona, Tucson, Arizona. 


ONE TO THREE TEACHER OPPORTU- 
nities in Electrical (Electronic), Mechanical 
(basic and drawing), and Heating and Air 
Conditioning Subjects now or later in an 
active, progressive, accredited technical in- 
stitute. Some industrial experience with 
B.S., M.S., or M.A. degree desirable, or the 
equivalent. Age 25-55 approx., good salary 
on 12 months basis. Advancement to As- 
sistant Director or higher. JU-1. 


INSTRUCTOR IN ENGINEERING 
Drawing—full-time position teaching Engi- 
neering Drawing and Descriptive Geometry. 
Engineering degree desirable, will consider 
advanced student with some experience. 
Salary up to $4000. Apply to Dean, School 
of Engineering, University of Wichita, 
Wichita, Kansas. 


APPLIED MECHANICS—FULL-TIME 
Position. Developing Department with op- 
portunity for individual at rank ranging 
from instructor to associate professor. 
Rank and pay dependent upon qualifications. 


New position with opportunity to work to- 
ward head of department. Apply Dean, 
School of Engineering, University of Wich- 
ita, Wichita, Kansas. 


INSTRUCTOR IN GENERAL  ENGI- 
neering to teach engineering drawing ani 
descriptive geometry. Engineering degree 
required. Appointment to begin September 
1, 1955. Send application to: C. I. Carlson, 
University of Illinois, Rm. 147, Navy Pier, 
Chicago 11, Illinois. 


INSTRUCTOR IN CIVIL ENGINEER 
ing, preferably with M.S. degree and prac: 
tical or teaching experience but will con- 
sider recent graduate of high caliber; a 
major interest in Sanitary Engineering de- 
sired but not required. Position open fall 
1955. Department of Civil Engineering, 
Rose Polytechnic Institute, Terre Haute, 
Indiana. 


PROFESSOR OF ELECTRICAL ENGI- 
neering and chairman of the department. 
Should have doctorate and have specialized 
in electronics. Age 35-45. Industrial ex- 
perience desirable. Apply to: Dean E. BR. 
McKee, University of Vermont, Burlington, 
Vermont. 


PROFESSOR OF MECHANICAL ENGI- 
neering and chairman of the department. 
Doctorate desirable. Must have industrial 
and teaching experience. Age 35-45. Ap 
ply to: Dean E. R. McKee, University of 
Vermont, Burlington, Vermont. 
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TEACHING POSITIONS AVAILABLE 


ASSISTANT OR ASSOCIATE PROFES-— 
sors of Electrical Engineering (2). Must 
have advanced degree and industrial experi- 
ence. One to handle work in communication 
and one to handle work in circuits and ma- 
chinery. Apply to: Dean E. R. McKee, Uni- 
versity of Vermont, Burlington, Vermont. 


ENGINEERING TEACHING POSITIONS 
in the Civil and Electrical fields are available 
at Fresno State College. Young men are pre- 
ferred. Instructor and Assistant Professor 
positions open. Entire new campus under 
construction, including engineering. Excel- 
lent salary scale. Apply: Dean A. R. Lang, 
Fresno State College, Fresno, California. 


CIVIL ENGINEER—SOMEONE WITH 
an M.S. or Ph.D. to teach surveying, rein- 
forced concrete, soil mechanics, fluid mechan- 
ies and normal civil engineering laboratories. 
Should be active in technical and profes- 
sional organizations. Salary and rank open 
depending upon degree and _ experience. 
Position starts September, 1955. Location, 
Ohio. 


ELECTRICAL ENGINEER — SOMEONE 
with an advanced degree and experience to 
teach in the power field. Should be active 
in technical and professional organizations. 
Training and experience to determine aca- 
demic rank and salary. Position starts Sep- 
tember, 1955. Location, Ohio. 


ASSISTANT OR ASSOCIATE PROFES- 
sor in Mechanics. Assistant or Associate 
Professor in Structures. A Master’s degree 
together with experience in research, teach- 
ing or professional practice is essential. A 
Doctor’s degree already obtained, or on the 
way, and/or professional experience are de- 
sirable. These positions are on the regular 
teaching staff. 


INSTRUCTOR TO TEACH ENGINEER- 
ing Physies, Quiz and Laboratory Sections. 
Appointment effective September, 1955. Sal- 
ary depends upon experience and qualifica- 
tions. Send credentials to Head of Depart- 
ment of Physics, Colorado School of Mines, 
Golden, Colorado. 
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ASSISTANT PROFESSOR, DEPART- 
ment of Electrical Engineering, Detroit In- 
stitute of Technology, 2020 Witherell Street, 
Detroit 26, Michigan—Ph.D. required. Sal- 
ary determined by qualifications. Splendid 
opportunity for Collateral Research. 


PROFESSORIAL POSITIONS AND IN- 
structorships open in Department of Applied 
Mechanics of a mid-western University. Sal- 
ary and rank commensurate with qualifica- 
tions of applicants. 


TEACHERS OF ELECTRICAL ENGI- 
neering for the University of Detroit, De- 
troit 21, Michigan. Openings for a man spe- 
cializing in power, and also for two men 
specializing in basic electronics or high fre- 
quency. An advanced degree, as well as an 
interest in research or other active contribu- 
tion to the electrical engineering field, is 
desirable. Rank and salary open. Submit 
education and experience to Chairman, De- 
partment of Electrical Engineering. 


TEACHING POSITIONS OPEN IN FOL- 
lowing fields: Electrical Technology: Me- 
chanical Technology; Construction Technol- 
ogy. Must have B.S. degree in specific field, 
industrial experience in field desirable. Sal- 
ary ranges: Junior Instructor $4080.00 to 
$4680.00; Instructor $4800.00 to $6000.00, 
starting level dependent upon education and 
experience. Applicants must be qualified to 
teach major and related subjects. Hudson 
Valley Technical Institute, Troy, N. Y. 
(Unit of The State University of New 
York). 


ASSISTANT PROFESSOR—TO TEACH 
Fluid Mechanics, Elementary Thermody- 
namics, Dynamics, and other undergraduate 
courses. A Master’s degree required. Ap- 
ply to Dean E. M. MeKown, Evansville Col- 
lege, Evansville 4, Indiana. 


MECHANICAL ENGINEER—SOMEONE 
to teach heat subjects and normal mechan- 
ical engineering laboratories. Should be ac- 
tive in technical and professional organiza- 
tions. Salary and academic rank depending 
upon degree and experience. Position starts 
September, 1955. Location, Ohio. 


Continued on page 825 


th pre- 


Section 


Allegheny 


Illinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantic 


Missouri-Arkansas 


*National Capital 
Area 
*New England 


*North Midwest 


Ohio 
Pacific Northwest 
*Pacific Southwest 


Rocky Mountain 


Southeast 


Southwest 
*Upper New York 


Section Meetings 


Location of Meeting 
Bucknell University 


University of Notre 
Dame 


University of 
Nebraska 

Michigan State 
College 


Swarthmore College 


University of 
Missouri 


University of Akron 
University of Idaho 


Colorado A. & M. 
College 


University of 
Tennessee 


University of 
Oklahoma 


Dates 


April 29-30, 
1955 
May 21, 1955 


Oct. 22-23, 
1955 
May 7, 1955 


May 7, 1955 


Chairman of Section 


W. D. Garman, 

Bucknell University 

G. E. Ellithorn, 

University of Notre 
Dame 

G. W. Bradshaw, 


University of Kansas 


C. C. Sigerfoos, 

Michigan State 
College 

H. N. Jenkins, 

Swarthmore College 


March 26, 1955 M. M. Jones, 


May 7, 1955 

April 15-16, 
1955 

April 16, 1955 

April 14-16, 
1955 


April 8-9, 
1955 


University of 
Missouri 
J. C. Michalowicz, 
Catholic University 
KE. R. McKee, 
University of 
Vermont 
C. J. Pratt, 
Michigan College of 
M. and T. 
K. F. Sibila, 
University of Akron 
M. L. Jackson, 
University of Idaho 
B. M; Green, 
Stanford University 
D. F. Peterson, 
Colorado A. and M. 
College 
H. V. Flinsch, 
Mississippi State 
College 
V. L. Doughtie, 
University of Texas 
B. H. Norem, 
Syracuse University 


Members of the Society are welcome at all Section Meetings 


* No date set. 
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A SUMMER COURSE IN 


Plastic Design in Structural Steel 


Presented by Lehigh University and The American Institute of 
Steel Construction in cooperation with The American Society for 
Engineering Education and The Engineering Mechanics and Struc- 
tural Divisions of The American Society of Civil Engineers 


The Fritz Engineering Laboratory 
LEHIGH UNIVERSITY 
Bethlehem, Pennsylvania 


September 7-15, 1955 


During the past quarter-century, both 
in this country and abroad, research on 
the ultimate strength of steel structures 
has suggested challenging possibilities for 
the use of maximum (plastic) strength as 
a basis for structural design. 

Traditionally, the measure of steel’s 
total strength for construction purposes 
has been the largest load under which it is 
guaranteed to behave in a truly elastic 
manner. Present day building codes, 
based upon the elastic concept, are logical 
and economical for individual beams and 
pin-connected frames. 

When members are rigidly connected, 
however, the structure as a whole has long 
been known to possess a much greater 
load-carrying capacity than indicated by 
the elastic concept. These continuous (or 
“rigid”) frames are able to carry in- 
creased loads above “first yield” because 
structural steel has the capacity to yield 
plastically with no loss of strength; in- 
deed, with frequent increase in resistance. 
This behavior results when the rigidly 
connected, continuous structure draws 
upon the reserve strength of its less 
heavily stressed portions. 

Sensing the values to our economy of 
a full exploitation of this more realistic 


measure of steel’s strength, Lehigh Uni- 
versity began in 1937 a series of research 
projects on rigid steel frames and their 
components which still continues. Since 
1946 the studies have been under the 
sponsorship of the American Institute of 
Steel Construction, the American Iron 
and Steel Institute, the Welding Research 
Council, and the Navy Department. The 
latter includes The Office of Naval Re- 
search, The Bureau of Ships, and The 
Bureau of Yards and Docks. 

By the summer of this year, sufficient 
data will have been compiled to document 
the new design concept—cealling upon the 
“ultimate” strength of structural steel as 
revealed by analysis of its plastic rather 
than elastic behavior under load. 

The resulting techniques, already suc- 
cessfully applied in England, promise to 
produce substantial savings in cost 
through the more economic use of steel 
and savings in the design office made pos- 
sible by the more simple plastic methods. 
At the same time, building frames will be 
more logically designed for greater over- 
all strength. 

In order that educators in particular 
may have an opportunity to introduce 
these new concepts into their teaching at 
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the earliest possible date, a special “sum- 
mer” session has been arranged just prior 
to the opening of the fall college term. 
The course will review the behavior of 
steel structures loaded beyond the elastic 
limit and will present the fundamental 
concepts of plastic analysis. Specific 
plastic design techniques will be pre- 
sented and examples worked out. The 
course will consist of a series of lectures 
and demonstrations, the latter including 
actual tests of structures to illustrate the 
principles. These tests, which will be 
earried through the elastic and plastic 
ranges, will include columns, continuous 
beams, and full-sized connections of the 
type found in industrial buildings. Also, 


a complete frame will be tested, illustrat. 
ing the accuracy with which the tre 
strength of a steel frame—its “ultimate” 
strength—may be predicted. 

Each of the lectures in the Summer 
Course will be an hour long with a fifteen 
minute intermission between the two 
morning lectures. For those attending 


who are interested in the further discus. | 


sion of particular points, informal diseus- 
sion sessions will be arranged during the 
evenings at Fritz Laboratory. 

All lectures will be given by members of 


the staff of the Fritz Engineering Labora. | 


tory who have participated extensively 
in this research investigation for the past 
several years. 
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TEACHING POSITIONS AVAILABLE 


Continued from page 821 


CHRYSLER INSTITUTE OF ENGINEERING 


again has openings on its full time teaching staff. They are: 


Supervisor of engineering graduates working on individual auto- 
motive design projects as a part of their Graduate School course. 
Duties would also include supervision of graduate classwork. 


Desired qualifications: Age 25-40; B.S. degree or higher in engi- 
neering; at least 2 years of college teaching experience; some 
design experience, preferably automotive. 


Teacher and supervisor of Graduate School classwork. Qualifica- 
tions: Age 25-40; M.S. degree in engineering; experience in teach- 
ing mechanical engineering subjects. 


Please write to— 


CHRYSLER INSTITUTE OF ENGINEERING 
Attn: L. R. Baker, Director 

P. O. Box 1118 

Detroit 31, Michigan. 


‘ 
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Subject Index 1954-55 


CREATIVE Process, THE. E. K. Von 


A.A.U.P. Symposium PAPERS—THE 
RESPONSIBILITY OF THE PHYSICS 
TEACHER IN ENGINEERING EDUCA- 
tion. N. H. Frank, L. P. Smith, 
L. E. Grinter, and H. L. Dodge .3, 

ANOTHER LOOK AT THE CAUSES FOR 
PROFESSIONAL BARGAINING GROUPS. 

APPROXIMATION METHODS IN NUCLEAR 
ENGINEERING. C, F. Bonilla ....4, 

ARE GRADUATE COURSES MILLSTONES OR 
Mimestones? L. L. Otto ......10, 


Basic SCIENCE AND DESIGN IN SOIL 
Meonanics. H.-P. Hall 
BIOGRAPHICAL SKETCH OF NATHAN W. 
DovuGHERrTY, Presipent oF ASEE 1, 
BrigF REPORT ON THE SALARIES OF EN- 
GINEERING TEACHERS BASED UPON 
Data COLLECTED BY ENGINEERS’ 
Joint CounciL IN 1953, A. R. F. 


BuILpING BLocKS OF ENGINEERING ED- 
ucaTion. A. 8. Levens .........2, 


Canpip ComMMENTs. R. B. Davis ....9, 
CanpIp CoMMENTs. H. A. Marcoux .10, 
CARNEGIE CONFERENCE. G. Murphy ..5, 
METHOD IN ENGINEERING AND 
BusINnEss ADMINISTRATION, THE. 
Case METHOD OF TEACHING MECHANICS. 
CoMMENTS ON INTERIM REPORT OF CoM- 
MITTEE ON EVALUATION OF ENGI- 
NEERING EDUCATION ...........5, 
CoMMUNITY PROJECT IN PROFESSIONAL 
DEVELOPMENT. C. Wandmacher .5, 
CoMPLIMENTARY ROLE OF PHYSICS AND 
MECHANICS IN ENGINEERING EDU- 
CATION. Glenn Murphy ........10, 
CoNFERENCE METHOD IN LAB COURSES. 


CONSTRUCTION OF A DEMONSTRATION 
Rute. W. K. Viertel .....8, 
CoorpInaTion. F. A. Heacock .......3, 
CREATIVE ENGINEERING PROGRAM, THE. 
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CREATIVITY IN Rapio. J. R. Ragazzini 2, 119 
CURRICULUM FOR TECHNICAL EpITors, 


DISCUSSION OF ‘‘ ENGINEERING EpDUvUCA- 
TION ACROSS THE CounTRY.’’ D. L. 
Trautman 


ECAC CONFERENCE ON INTERNATIONAL 


ECPD ACCREDITATION OF ‘‘ FRINGE’? 
ECPD ACCREDITATION Program. H. L. 
EDUCATING PROFESSIONALS. N. W. 


EDUCATION FOR A CREATIVE PROFES- 
SIONAL Lire. L. E. GRINTER .. 
EDUCATION FOR CREATIVE LEADERSHIP. 


EDUCATION FOR CREATIVITY IN ENGI- 
NEERING. M. S. Gjesdahl ......10, 766 
EpuCATION OF LEADERS, THE. R. B. 
EDUCATION—INDUSTRY COOPERATION FOR 
INCREASING PLANNED FACULTY 


EMPLOYMENT IN INDUSTRY. G. K. 
EDUCATIONAL REQUIREMENTS FOR DE- 
SIGN AND DEVELOPMENT ENGI- 
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Study of induction-motor circuits speeded 
with G-E 72-Terminal Induction Motor 


MORE THAN 20 RATINGS are possible 
with the G-E 72-Terminal Induction 
Motor. Designed so the student can com- 
bine theoretical work with actual practice 
in selecting circuits for combinations of 
phase and speed, this equipment allows 
the student to test various combinations 
for comparative torque, hp output, effi- 
ciency, power factor, and other character- 
istics. 

TEN MOTORS IN ONE is actually what the 
student has at his disposal since the motor 
can be wired in the minimum of time for 
ten different combinations of phase, volt- 
age, and number of poles. 


For more information about how the 


G-E 72-Terminal Induction Motor can 
help youintroduce induction-motor design 
and connection, contact your nearest G-E 
Apparatus Sales Office, or write for 
Bulletin GEC-659 to General Electric Co., 
Section 688-9, Schenectady 5, N. Y. 


YOUR COPY of this 
16-page bulletin, 
GEA-5526, containing 
information on the 
specially designed 
G-E Educational Equip- 
ment for electrical 
laboratories is avail- 
able on request. 


GENERAL ELECTRIC 
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McGRAW-HILL 
SERIES IN CIVIL ENGINEERING 


HARMER E. DAVIS, 
Consulting Editor 


HAROLD E. BABBITT 
ENGINEERING IN PUBLIC HEALTH : 
551 pages, $8.50 
HARMER E. Davis, GEORGE E. TROXELL, CLEMENT T. WISKOCIL 
THE TESTING AND INSPECTION OF ENGINEERING 
MATERIALS 
New Second Edition 448 pages, $6.50 


CLARENCE W. DUNHAM 


FOUNDATIONS OF STRUCTURES 
679 pages, $8.50 


THEORY AND PRACTICE OF REINFORCED CONCRETE 

499 pages, $7.00 
ALFRED R. GOLZE 
RECLAMATION IN THE UNITED STATES 

441 pages, $8.50 
Ray K. LINSLEY and JOSEPH B. FRANZINI 
ELEMENTS OF HYDRAULIC ENGINEERING 

In press 

Ray K. LINSLEY, Max A. KOHLER, and JOSEPH L. H. PAULHUS 


APPLIED HYDROLOGY 
689 pages, $9.00 


GREGORY P. TSCHEBOTARIOFF 


SOIL MECHANICS, FOUNDATIONS AND EARTH 
STRUCTURES 
655 pages, $7.50 


Send for copies on approval 
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From the editor’s statement : 


Announcing the new 
McGRAW-HILL 


MECHANICAL ENGINEERING SERIES 


RICHARD G. FOLSOM 
Consulting Editor 


This series has been established to stimulate and aid the develop- 
ment of forward-looking literature of outstanding professional 
and literary qualities in the broad field of Mechanical Engi- 
neering. Contributions from the best of current thinking will 
supply authoritative works for current and future use in under- 
graduate and graduate textbooks and reference books and mono- 
graphs for research and professional engineers. 


The Mechanical Engineering Series will provide superior as- 
sistance to educators and students of engineering during the 
coming period of changing objectives and accelerated progress. 
Practicing engineers will need the help of this authoritative 
reference material. 


The scope and boundaries of Mechanical Engineering are not, 
and probably need not be, defined precisely. The Series will 
include such usual subjects as Thermodynamics, Heat Power, 
Fluid Mechanics, Machine Design, Production Processes, and 
Heat Transfer, as well as new material on Nuclear Power 
Plants, Stresses in Machine Parts, Mass Transfer, Combustion, 
and other developments that will be of direct interest to me- 
chanical engineers in the years just ahead. 


NOW IN PRESS: 


JosEPpH StILes BEccs 
MECHANISM 


J. B. Hartiey 
DYNAMICS OF MACHINERY 


E. SHIGLEY 
MACHINE DESIGN (Title not final) 


HERMAN SCHLICTING 
BOUNDARY LAYER THEORY 


McGRAW-HILL BOOK COMPANY, INC. 


330 West 42nd Street 


New York 36, N. Y. 
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Consider these texts 
for next term... 


ENGINEERING MECHANICS 


by L. E. Grinter 


Engineering Mechanics unifies the teaching of statics 
and dynamics and sets a new standard of usefulness for 
a textbook in these two fields. Opening with a brief 
history of mechanics, the text progresses from the ele- 
mentary to the complex, presenting the subject as a 
logical thought sequence. All special cases and numerical 
examples are solved directly from a few basic laws with 
little need for derived formulas. The author places em- 
phasis upon practical application of the laws of statics 
and the free-body diagram. Having more than twenty 
years experience in this field, Dr. Grinter realizes the 
importance of simplicity of written explanations, clarity 
of mathematical statements and derivations, and the 
value of obtaining the greatest possible illustrative value 
from each figure. 


1953 / 408 pp. $5.75 


STRENGTH OF MATERIALS 


second edition 
by Joseph Marin and John A. Sauer 


Providing a clear account of the science of mechanics of 
materials and its application to simple problems of de- 
sign, this revision presents new material on stress dis- 
tribution and stress concentrations, stresses in beam 
columns, vibration of beams, impact properties of ma- 
terials, and fatigue. There are two new chapters dealing 
with topics that have, in recent years, become of great 
importance in machine, structural and aircraft design. 
Significant features of the book include a correlation of 
stress analysis and design, and a brief treatment of 
mechanical properties of materials for each type of stress 
considered. 


1954 518 pp. $6.75 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 


HANDBOOK OF INDUSTRIAL ENGINEERING 
AND MANAGEMENT 


edited by W. GRANT IRESON, Stanford Uni- 
versity & EUGENE L. GRANT, Stanford Uni- 
versity 


The most comprehensive compendium in its field, this authori- 
tative new handbook is invaluable as a reference for manage- 
ment and industrial engineering students, and is also outstand- 
ing as a text for the first or later courses in management. Each 
chapter is an informational unit which the student can under- 
stand without referring elsewhere. Yet handy cross-references 
help him quickly locate related topics in other sections, or tell 
him where to find added details on certain points. 


G" = OF approx. 1060 pages Published June, 1955 


INDUSTRIAL AUTOMATIC CONTROLS 


by MILLARD H. LAJOY, University of Minne- 
sota 


Broad in scope and highly teachable, here is a new introductory 
text on the fundamental aspects of all types of automatic con- 
trollers: electronic, electric, hydraulic and pneumatic. Three 
distinct methods of presentation are employed: 1) descriptive 
treatment of control circuits, 2) graphic treatment of control 
effects, 3) mathematical treatment by means of examples and 
solutions in main body of book. 


5K" x 834" 288 pages Published Dec., 1954 


MOTION AND TIME STUDY, 2nd Ed. 
Principles and Practice 


by MARVIN E. MUNDEL, Marquette Univer- 

sity 
Broader than ever in scope, this new edition of a popular text 
includes the latest techniques as well as older methods of proven 
value. One of the 6 new chapters covers effort rating in time study. 
There is expanded coverage of process charts—combined analy- 
sis, Memomotion study, functional forms analysis, reports and 
training programs. Other improvements include: an increased 
number of problems, added stress on the design phase, plus a 
chapter on cyclegraphic and chronocyclegraphic analysis. 


6" 2 9" 590 pages April, 1955 


PRENTICE-HALL, INC. 70 FIFTH AVENUE, NEW YORK 
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A COMPLETE 
PRINTING 
SERVICE ... 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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f——Ronap Books 


The Dynamics and Thermodynamics 
of Compressible Fluid Flow 


ASCHER H. SHAPIRO, Massachusetts Institute of Technology 


Comprehensive, unified treatment of compressible fluid mechanics I} 
in two volumes. This useful work bases discussions on a combination 
of clear physical reasoning, theoretical treatment, and empirical 
results. Its scope ranges from fundamentals to analytical develop- 
ments of design methods and advanced exemplary methods. All 
important results are reduced to chart form. “To students, teachers, | 
researchers, and designers, this should become the standard text on the 
subject.” —C. Darby Fulton, Jr., Duke University. Vol. I: 635 
ills., tables. 647 pp. Vol. II: 560 ills., tables. 537 pp. 


HIGHWAY ENGINEERING 


| L. J. RITTER, Jr., University of Florida; and 
R. J. PAQUETTE, Georgia Institute of Technology 
Step-by-step discussion parallels the actual sequence of factors in 


the construction of roads and highways. Covers general aspects 
of highway engineering, highway design, soil, drainage, contracts, 


costs, supervision, earthwork operation, etc. “Gives the reader a 
thorough grasp of fundamental principles and up-to-date practices.” 
—CONSTRUCTION EQUIPMENT. 260 ills., tables. 721 pp. 


STRUCTURAL DESIGN IN I 
REINFORCED CONCRETE 


CLIFFORD D. WILLIAMS, Patchen and Zimmerman, 
Engineers; and CHARLES E. CUTTS, University of Florida 


Fully covers essentials of modern reinforced concrete design. While 
formulas are derived and used throughout, all problems are developed 
from the basic concepts of the strength of materials. Gives special 
attention to prestressed concrete, design for ultimate stress, design 
of circular tanks, etc. “4m excellent textbook.”—O. Albert, Poly- | 


technic Institute of Brooklyn. 211 ills., tables. 308 pp. 


STRENGTH OF MATERIALS 
MAX M. FROCHT, Illinois Institute of Technology 


Over-all guide to the problems, methods of analysis, and engineering 
significance and strength of materials. Introduces modern experi- 
mental methods and emphasizes the practical meaning of stress and 
Strain in design and the use of stress analysis. “‘. . . clear, concise, 

yet complete treatment of fundamentals of the mechanics of materials.” — 
APPLIED MECHANICS REVIEWS. 477 ills., tables. 439 pp. 


THE RONALD PRESS COMPANY - 15 E. 26th St., N.Y. 102——— 
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BUILDING TYPE STANDARDS 


By Harotp R. Steerer. Makes available standards and 
data applicable to approximately thirty special classes or 
types of buildings. Material is presented in graphic, chart, 
and table form, and clear explanations are included to supple- 
ment the drawings. All drawings treat the recognized stand- 
ards in building design useful to the student. The author’s 
discussion of each building type includes information on 
plans, construction, furniture, fixtures, accessories, and cost 
comparisons. Ready in fune. Approx. 352 pages of plates. 
Textbook edition, prob. $7.00. 


LUBRICATION ANALYSIS OF FULL JOURNAL BEARINGS 


By R. R. Staymaker, Case Institute of Technology. De- 
veloped out of a one-term graduate course in lubrication for 
students majoring in machine design. Includes a method 
for predicting temperature rise and oil viscosity without trial 
and error solutions. Also features an analysis of oilless 
bearings and a large-scale viscosity chart. Ready in Sep- 
tember. Approx. 138 pages. Prob. $6.00. 


BASIC MATHEMATICS FOR SCIENCE AND ENGINEERING 


By the late Paut G. Anpres; Hucu J. Miser, U. 8S. Air 
Force; and Reincoutp, L/linois Institute of Technology. 
Assembles in one volume those topics of elementary mathe- 
matics which are basic in engineering theory and practice. 
As a stimulus to the student’s interest, the authors employ 
terminology and notations commonly found in engineering 
and other branches of science. Ready in September. Ap- 
prox. 746 pages. Prob. $6.00. 


SERVOMECHANISMS AND REGULATING SYSTEM DESIGN, 
Volume Il 


By Harotp Cuestnut and Rosert W. Mayer, both of the 
General Electric Company. Devoted to the analytical and 
practical aspects of servomechanism design, this book states 
the problems met in regulators and feedback control systems 
and develops methods for their solution. Volume II builds 
on the fundamentals set forth in Volume I and applies the 
attenuation frequency techniques to practical design prob- 
lems. One of a series written in the interest of the Advanced 
Course in Engineering of the General Electric Company. 
1955. 384 pages. Textbook edition, $7.50. 


Send today for your on-approval copies. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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VAN NOSTRAND 
FOR COLLEGE TEXTS 


New Engineering Texts 
Just Published 


3rd Edition—Part I 
STRENGTH OF MATERIALS 


ELEMENTARY THEORY AND PROBLEMS 
By STEPHEN TIMOSHENKO, Stanford University 


In this latest edition of a widely-accepted text, every effort has been 
made to broaden its scope and increase its usefulness by: (1) adding 
two important chapters, ‘‘Bending of Beams in a Plane Which Is 
Not a Plane of Symmetry”’ and ‘Curved Bars’’; (2) including many 
new problems; (3) inserting answers to many of the original 
problems; (4) enriching the book throughout with new material. 

A unique feature which makes the work more teachable is the large 
number of practical applications, including many problems not 
usually found in this type of " 


464 pp. 6x9 Illustrated Cloth $6.00 


3rd Edition 
ELEMENTARY SURVEYING 


By W. H. RAYNER and M. O. SCHMIDT, 
University of Illinois 


To bring this popular text up-to-date in content and approach, a 
number of significant revisions have been made. Many field and 
office exercises of proven value are included in order to economize on 
the instructor’s time and effort. 


All extraneous reference material is omitted, and answers to several 
introductory problems now precede the regular problem list at 
chapter closings. The modern optical transit is described and 
illustrated. The chapter on ‘‘Determination of a True Meridian” 
has been completely rewritten, incorporating a simplified method of 
obtaining the true azimuth of a line from an observation of Polaris. 


426 pp. 4% 27% Illustrated Fabrikoid $5.50 


WRITE NOW FOR EXAMINATION COPIES 


D. VAN NOSTRAND COMPANY, INC. 


PUBLISHERS SINCE 1848 
230 FOURTH AVENUE NEW YORK 3, NEW YORK 
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New texts— 


HANDBOOK OF ENGINEERING FUNDAMENTALS 


Edited by Doucuas F. Miner, Carnegie Institute of Tech- 
nology, and J. B. Seastone, Olin Mathieson Chemical Corp. 
Designed to meet the need for a single source of authentic 
and useful information on the basic materials of manufacture 
and construction. Presents the student with sufficient data 
to form a sound guide to the selection of a wide range of 
materials, and also suggests sources of more complete infor- 
mation. Data are arranged by classes of related or similar 
materials—i.e., metals in one section, fabrics in another. 
This permits ready comparison of materials that are com- 
petitive. Its scope is more complete than a technical dic- 
tionary, but less detailed than the specialized textbooks—an 
ideal reference for students and instructors alike. Ready 
in August. Approx. 1500 pages. Prob. $15.00. 


AN INTRODUCTION TO THE THEORY OF AEROELASTICITY 


By Y. C. Fune, California Institute of Technology. This 
book focuses attention on the physical problems of aero- 
elasticity and its underlying basis of analysis. The subject 
is presented as a science in itself, with features drawn from 
such branches of mechanics as structures, aerodynamics, and 
mechanical vibrations. Ready in September. Approx. 398 
pages. Prob. $9.00. 


PRINCIPLES OF INDUSTRIAL WASTE TREATMENT 


By C. Frep Gurnuam, Michigan State University. A funda- 
mental treatment of the liquid wastes produced by industry— 
the sources of these wastes, their pollutional effects, and 
methods for their treatment and disposal. It is the only 
text to treat the subject from a “unit operations” point of 
Hog A Ready in September. Approx. 526 pages. Prob. 


THE TECHNOLOGY OF CEMENT AND CONCRETE 


Volume |—Concrete Materials 
By Rosert F. Buianks, Great Western Aggregates, Inc., 
and Henry L. Kennepy, Dewey and Almy Chemical Co. 
The first reference book of its kind made available to engi- 
neering students, this work gives an encyclopedic coverage 
of concrete materials and properties. Much information 
provided by this book is available nowhere else in the litera- 
eel Ready in September. Approx. 464 pages. Prob. 


Send for your on-approval copies today. 
See page 16 for news of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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